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NOTES ON HEATING 


PROGRESS 


A Brief Technical Reference Guide 


HE ROMAN hypocaust  illus- 
trated overleaf is from an “‘antient 
painting” reproduced from the AIA 
Library’s 1791 English translation of 
Vitruvius, part of the Brunner Collec- 
tion. Comparison with the freezing 
weather solar-trap swimming pool at Sun 
Valley, Idaho, is not supposed to indicate 
that we are a hardier race than the tough 
old Romans but to point out that radiant 
heating is not only ‘“‘antient’” but 
Protean, manifested in many forms. 

Solar heating, which we may now 
avail ourselves of by climatology tech- 
niques, plus collection-storage-distribu- 
tion equipment, is basically radiant heat 
however it may be distributed within the 
house. The heated floor in the hypocaust 
system undoubtedly resulted in mixed 
radiant & convective heating as do most 
of our modern “radiant” installations. 
This is the real difference with Dr. 
Mills’ reflective heating studies described 
later. Incidentally, without the controls 
of today the hypocaust must occasionally 
have caused some sprightly high stepping 
with or without togas, if not some round 
Roman oratorical profanity. 

We can skip over the mostly unheated 
Middle Ages—still observed in many 
parts of Great Britain although it is 
home of modern radiant heating tech- 
niques. Now we find a distinguished 
engineer, in the introduction to a book 
on one of the current special applications 
of the science & technology of heating, re- 
marking that “‘for many years the art of 
heating a building was considered as be- 
ing so simple that it did not require 
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(Numbers in parenthese refer to 
items in accompanying bibliography.) 
scientific study .. .” 

Today’s architect is faced with so 
many themes & variations on this subject 
—often in hard-to-answer questions from 
fractionally-educated clients—that he 
must undertake more than a little scien- 
tific study to be able to talk intelligently 
either with clients or his own engineers. 
The purpose of this Technical Reference 
Guide is to indicate some of the possi- 
bilities. Design of installations is not in 
the architect’s scope. “These elementary 
notes are intended merely to be like the 
familiar contents-page tabulation of a 
few bars of music from each of the 
major selections within a collection of 
pieces—a thematic index. We have 
selected the following heating & cooling 
methods for progress report & have listed 
a few selected references on each for 
further study: 


distribution 


warm air heating systems 
radiant heating 
perimeter heating 
baseboard radiation 
reflective heating 
sources 

e solar heating 

e heat pump 


A final section groups together a few 
miscellany. 

As this article was being written three 
not exactly competitive publications 
rushed into print ahead of us with 
similar material. The American Pub- 


lic Health Association (49), The Small 


(TRG 5-1) 


Homes Council, University of Illinois, 
with excellent summary of methods 
(50), & that erudite scholarly journal, 
Esquire! Heating must be in the air. 

What is greatly needed & seems un- 
available so far is a comparative study 
of performance & costs of sources & dis- 
tribution methods. Admittedly these 
will vary in economy & desirability from 
job to job & it is the purpose of an engi- 
neer’s service to determine the optimum 
method. It would still be helpful for 
the architect to have a tabular or graphic 
presentation of performance & cost rela- 
tionships. So far as we know this has 
been done only for fuels. Several pub- 
lications have compared relative cost of 
gas, oil & coal per therm (100,000 
BTU) for different regions or different 
unit fuel costs. 

It is interesting to us that further 
recognition is being given’ to climatic 
effects on comfort. The American 
Public Health Association booklet men- 
tioned (49) refers to our regional climate 
analyses & to Helmut Landsberg’s paper 
on Climatology & Planning of Settle- 
ments read at the AIA 1950 convention 
in Washington. An earlier leaflet in 
the Small Homes Council series treats 
solar orientation & mentions its effects on 
heating. The American Society of Heat- 
ing & Ventilating Engineers is also con- 
tinuing its interest & publications on 
climate. The Acme Ceramic Housing 
Project at the University of Texas on 
the other hand is primarily concerned 
with research on livability in warm 


climates. wat 
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A.1. A. File No. R1 


WARM AIR HEATING SYSTEMS 


Gravity Warm Air 
Heating System 


Winter Air Conditioning 
System 


gravity warm air heating system, 
with its floor or wall registers far 
removed from exterior wall « window 
openings, has undergone many improve- 
ments. It was noted recently by an 
authority on heating that these simple 
traditional systems (warm air, one-pipe 
steam or water) often furnish poor heat- 
ing because of a lack of engineering in 
the over-all design of the system rather 
than a lack of engineering in the design 
of component parts. “The level of sys- 
tem design & installation has been raised 
greatly by the educational work & 
manual publications of the National 
Warm Air Heating x Air Conditioning 
Association & the Institute of Boiler « 
Radiator Manufacturers. (4, 11, 12) 
Central warm air systems have been 
improved in the following ways: 


| Bie SIMPLE «& not too efficient 


e Centrifugal fans or blowers providing 
positive circulation of air, permitting 
balancing the system & greater uni- 
formity of temperature distribution, 
particularly in larger rooms. 

e better humdity control & air clean- 
ing by sprays &/or filters. 

e freedom of location—basement, utility 
room on first floor or attic. 

e smaller duct dimensions provide bet- 


ter basement headroom & easier con- 

cealment in floors & partitions. 

e ventilation air may be introduced & 
tempered. 

e in summer, fan & duct system may be 
used to provide cooling & dehumidify- 
ing, using ice, mechanical refrigera- 
tion or low temperature water, & cold 
point or various absorbers for de- 
humidifying. 

e warm air furnaces are available for 
coal (hand or stoker-fired), oil, gas 
or wood, oil or gas being convenient 
for non-basement installations. 

e effective registers have been developed 
for both high sidewall or baseboard 
use. Air velocity is important in 
selection & directional-flow diffusing 
type registers give best results. 
Return air grilles may be located near 

entrance doors, under windows, in ex- 
posed corners, or inside walls, depend- 
ing on location of supply registers. Base- 
board returns are preferable to floor 
erilles. 

The problem of noise elimination 
should be given attention. Canvas con- 
nections should be made at junction of 
ducts with furnace casing & fan housing, 
& motors & mountings should be selected 
for quiet operation. Electrical conduit « 
water piping should not be fastened to, 


or make contact with fan housing. Avoid 
installation of a fan directly under a 
return air grille. 


Continuous operation 


One of the more recent improvements 
in forced warm air heating is proper 
adjustment in control settings & blower 
speed to permit blower to run most of 
the time in mild weather « practically 
all of the time when outside temperatur 
is freezing or colder. ; 

In providing these continuous air cir- 
culation adjustments intermittent ‘“‘on 
and off” cycling of furnace blower is 
reduced, permitting it to operate over 
longer periods of time at reduced speed 
thus circulating warm air at a gentler 
less perceptible velocity & keeping air 
moving constantly. Hot blasts from 
registers are eliminated & there is no 
opportunity for air temperatures to fall 
below comfort mark. It is claimed that 
amount of current used for continuous 
operation of blower is about equal to that 
required to overcome torque load of 
starting blower motor (where intermit- 
tently started) plus current used between 
intermittent starts & stops. “This method 
of providing continuous air circulation 
can be adapted to existing forced warm 
air systems. 


Leen rere aaaaaaaaaasaaaaaaaaaasaaaaaaaaamaaaaaaaaamaaaaaaaicaaaaaaaasaaamaamaamaamaasaaaamaaaasaaaasaaaamaamaaataaaasasal 


(1) Application of the floor furnace in the 
heating of small houses. R. K. Thulman. 
HHFA Technical bulletin 10:1-9 May-July 
1949. Also HHFA Technical reprint series 
9, Washington, Supt of documents, 1950 15¢ 


(2) Gas floor furnaces (gravity circulating 
type). National bureau of standards Com- 
mercial standard CS 99-42. Washington, Supt 
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of documents. 1942 5¢ 

(3) Oil burning floor furnaces equipped 
with vaporizing pot-type burners. Foreign 
and domestic commerce bureau. Commercial 
standard CS 113-51. Washington, Supt of 
documents, 1951. 28 p 10¢ 

(4) Manuals. National Warm Air Heating 
& Air Conditioning Association, 145 Public 


s 
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Saqs Cleveland 14, Ohio. 60¢ each 


Manual 1. How to make a comfort survey; 
how to use floor plans. 1950 33 p 

Manual 6. Service manual for continuous 
air circulation technicians. 1947 12 p 


Manual 9. Code and manual for the design 
and installation of warm air winter air 
conditioning systems. 1950 15 p 
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A.1.A. File No. R1 
RADIANT HEATING 


Warm Air Ceiling Panel Heating System 


EATING SYSTEMS which 
H provide radiant heating include 
following general methods of in- 
stallation: 
e warming of wall « ceiling surfaces 
e embedding of hot water pipes in con- 
crete floor 
e hot water or vapor steam pipes in 
spaces under floors 
e circulation of warm air thru shallow 
ducts, special floor tile under floor 
or in spaces in sidewalls 
e hot water or low pressure steam thru 
cast or fabricated metal plates at- 
tached to walls or ceilings 
e electrical conductors embedded in 
plaster or floor construction 
e electrically heated metal plates or 
glazed fireclay panels 
e electrically heated glass 
tapestry or portable screens 
e electrically heated conductive rubber 
sealed between layers of insulating 
fabric. 


panels or 


Panel heating 


Among advantages claimed for panel 
type radiant heating systems are uni- 
formity of heating effect throughout 
room, absence of interference with plac- 
ing of furniture, reduction in forming 


(5) Radiant heating. T. Napier Adlam. 


New York, Industrial press, 1949 504 p 
$6.00 
(6) Radiant heating systems for houses: 


hot water systems. William J. McGuinness. 
Arch Rec 110:163 Aug 1951 

(7) Control of radiant panel heating. Edwin 
F. Snyder. Prog Arch 31:81-86 Aug 1950 
(8) Panel heating survey points to increas- 
ing use, decreasing costs. Arch Forum 91:100- 
101 Nov 1949 

(9) Second thoughts on radiant heating. 
W. P. Chapman & R. E. Fischer. Arch Rec 
105:133-135 Mar 1949 
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of heat streaks & deposit of dust on sur- 
faces of room or furnishings. 


Piping for panel heating systems may 
be wrought iron, a new ductile steel tube 
or copper water tubing. Light weight, 
easy bending, long lengths requiring few 
joints, have made the now hard-to-get 
copper favorite in this field. “The new 
steel tubing was developed by GM for 
refrigerators & gasoline lines & comes in 
1207 rolls. C13) 

Where ferrous metals are used, care 
must be exercised to avoid embedment 
in corrosive materials (particularly 
cinders). Consideration should also be 
given to avoiding strains in piping set up 
by unequal expansion & contraction be- 
tween metal & embedding material. 
These can be reduced by using shorter 
runs & not too much variation in temper- 
ature. 

Where forced warm air is the heating 
medium, as in the illustration, a space is 
formed between bottom of ceiling joists 
& finished ceiling into which warm air is 
discharged & distributed by a series of 
baffles. 


Electric heating 


A type of space heating equipment 
which is receiving increasing attention 


(10) Radiant low voltage electric heat. Al- 
fred H. Abernethy & David R. Shearer. 
Prog Arch 31:88-89 July 1950 

(11) Code & manual for the design & in- 
stallation of warm air ceiling panel systems. 
(Radiant panel heating) National Warm Air 
Heating ©. Air Conditioning Association 
Pe 7-A. Cleveland, Ohio. 1950 36 p 
60 
(12) Panel heating for small structures— 
floor & ceiling. I-B-R installation guide no. 6. 
Institute of Boiler @ Radiator Manufacturers, 
60 E. 42nd St., New York 17, N. Y. 1951 


50¢ 


is the use of one or more individual 
electric heating units in each room. 

Another form of electric heating is 
provided by embedment of electric wir- 
ing in plaster finish, covering it to a 
depth of 4-14”. 

Wiring is attached to lath or plaster 
base by means of special fasteners & Is 
usually strung to cover entire ceiling 
area at from 2-4” spacings, depending 
upon amount of wire needed to provide 
required resistance. 

Installation of electric wiring over 
metal lath or expanded metal plaster base 
is not recommended owing to possibility 
of magnetizing metal lath which would 
result in a noticeable hum. 


Local building code & insurance re- 
quirements should be investigated to de- 
termine whether or not this type of in- 
stallation will be approved in a particu- 
lar locality. 


Panel cooling 
Charles S. Leopold has developed dur- 


ing the past five years a new concept of 

space cooling which has many advan- 

tages: 

e small duct sizes & fans—only ventila- 
tion air needed & no air zoning re- 
quired. 

e combination with built-in lighting to 
reduce heat at source 

e no drafts or stratification—coolest air 
settles from ceiling 

e almost no individual controls 

e economical heating under windows in 
continuous-window buildings 

e central fan rooms in multi-story in- 
stallations. 


System is based on use of aluminum 
panels backed up with copper tubing thru 
which 65° water is circulated. These 
can be integrated with acoustic ceiling 
panels, fluorescent lighting units or 
placed under continuous windows. (16- 
17) 

Condensation is avoided by 65° 
minimum since it is claimed that dew- 
point “seldom gets above 59° in air- 
conditioned space.” Unforeseen problem 
now is where to get either aluminum or 
copper. 


(13) Ductile steel tubing, a low cost re- 


placement for copper in radiant heating. 
Arch Forum 95:206 June 1951 


(14) Behavior of radiant heated hardwood 
floors. J. S. Mathewson. Heating & Ventilat- 
ing 47:63-6 Sep 1950 


(15) Electric & other types of house heating 
systems. Louis Slegel. Oregon State College. 
Engineering experiment station Circular 
series no 9. Corvallis, Ore., 1946 54 p 25¢ 
(16) Design factors in panel & air cooling 
systems. Charles §. Leopold. Prog Arch 


32:88-92; 92-97 Mar, Apr 1951 
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WARM AIR PERIMETER HEATING 


N INEXPENSIVE type of warm 
A air heating, adapted to basement- 
less houses on slabs, is provided 

by a system of ductwork «& registers 
located in floor slab near perimeter of 


building with ducts from base of fur- 
nace. 


This system is recommended only for 
houses with a heat loss less than 60,000 
BTU /hr. (A larger house of course may 
have independent dual installations.) It 
is also mandatory that site be well 
drained & that adequate waterproof 
perimeter insulation be installed between 
ducts & exterior wall. It has been noted 
that omission of these two details is an 
effective but not cheap way of keeping 
flowers growing around foundation walls 
all winter long! 


Details 


e round ducts are preferred, of gal- 
vanized iron furnace pipe, concrete 
pipe, vitrified clay pipe or a new & 
inexpensive heavy-wall fiber tubing 
having moisture-proof & fire-resistant 
qualities (21) 

e gravel or broken stone fill without 
fines is requisite for proper operation. 
Sand, cinders or unscreened stone are 
not satisfactory 


e membrane moisture barrier over fill is 
also essential 

e 2” of concrete below ducts, wire mesh 
& 114-2” of concrete above them 


e ducts must be leveled « wired down 
or otherwise secured during pouring 
of concrete 


e registers preferred under windows 
but locate a few inches from wall to 
avoid draperies 

e never locate registers at connections 
between feeder & perimeter ducts 


e high sidewall registers undesirable al- 
though occasionally used in baths « 
kitchens 


e never run feeder ducts under furnace 
room—they help heat floor 

e special counter-flow oil or gas fur- 
naces are available, with blowers, 
which take minimum space 


e supply of combustion air is extremely 
important, particularly in tightly 
sealed houses with kitchen exhaust 
fans. Minimum | sq in free area in 


erille for each 1000 BTU input if 


furnace is in closed space. 


e where more than one return air inlet 


is required locate them in inside par- 
titions & at or near ceiling. 
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Perimeter loop in slab floor house 


Radial system in slab floor house 


(see page 10 for crawl space alternate) 


SNe a, 


(17) Panel cooling (Leopold’s proposals) 
Arch Forum 94:166-168 Apr 1951 : 
(18) Warm-air heating and structure. Wil- 
liam J. McGuinness. Prog Arch 32:97-104 
Sept 1951 ; : 
(19) Warm air perimeter heating. National 
Warm Air Heating & Air Conditioning Asso- 
ciation Manual 4 Cleveland, Ohio 1950 12 


p 60¢ 
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(20) The story of perimeter insulation for 
standard heating systems. Owens-Corning 
Fiberglas Corp., Toledo 1, Ohio. 20 p 

(21) Fiber tubing, economical substitute for 
metal duct work in warm air heating. Arch 
Forum 95:206 June 1951 

(22) Registers along outside walls. National 
Warm Air Heating & Air Conditioning Asso- 
ciation. Cleveland 14, Ohio. nd 4p 
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BASEBOARD HEATING 


a ne 


Comparison of available cast & fabricated radiant & radiant-convector types of baseboard heating units. 


Courtesy Prof. William J. McGuinness, Pratt Institute 


(23) 


METHOD of heating particularly 
A adapted to basementless houses 
but equally applicable to multi- 
story structures & to new construction 
or to modernization work, is provided 
by baseboard heating which places heat- 
ing units at floor level along perimeter 
of outside walls & under windows. 


Experiments at University of Illinois 
have shown that these long, low, thin 
direct radiators produce less variation in 
floor-to-ceiling temperature differentials 
than high radiators & also do not cause 
floor drafts. This indicates that better 
temperature distribution may be pro- 
vided when heat is supplied by lateral 
distribution of heating surfaces near floor 
than by tall units concentrated over a 
small floor area. Baseboard units are 
clean in operation at 200° or less &, 
being low, do not interfere with window 
draperies. 

As indicated in diagram above, num- 
ber & types of radiant baseboard elements 
& baseboard convectors are increasing. 
Some 28 manufacturers produced this 
equipment in 1950. Units range from 
smaller solid ferrous sections to bulkier 
& higher output RC types (radiant-con- 
vectors) with one or more rows of cast 
iron or steel expanded surface piping 
(fins). There are also non-ferrous 
finned types. “These units are available 
with outputs from 250 to 1250 BTU/ 
hr/lin ft (with 200° water). 


(23) Residential baseboard heating. William 
J. McGuinness. Prog Arch 31:70-74 Dec 
1950 


(24) Study of baseboard convector heating 
system in test bungalow. National bureau of 
standards Building materials © structures 
report BMS 115. Washington, Supt of docu- 
ments, 1949 20 p 15¢ 
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Media 


While forced hot water is usual heat- 
ing medium & is quick in response, base- 
board systems can be designed for either 
steam or vapor. “These are less satisfac- 
tory for residential use. With forced 
water installations, boiler location is un- 
important & large pipes are unnecessary. 
In simplest form of single continuous 
piping circuit more accurate designing is 
required for individual elements for the 
several spaces to be heated—in absence of 
method of decreasing or increasing heat 
output of a particular convector with 
relation to other elements of system. 

These installations lend themselves to 
usual type of thermostatic controls, rang- 
ing from conventional wall-type room 
thermostat to more elaborate modulating 
control with outdoor thermostat « 3-way 
mixing valve to blend boiler supply «& 
return water & thus control temperature 
of water entering system. 

In addition to advantage of maintain- 
ing comfortable slab temperatures & low 
vertical temperature differentials, base- 
board heating systems occupy practically 
no usable floor space. In kitchens, where 
cabinets take up nearly all wall space 
at floor, baseboard units may be placed 
at ceiling if an increase in radiation of 
20% is provided. 

Where baseboard heating is installed 
on slab of a basementless house, insula- 
tion should be provided between peri- 


(25) Radiant baseboard heating—a test run 
proves its good qualities. Arch Forum 92: 
150-151 May 1950 


(26) Radiant baseboard heating & effects of 
reduced thermostat setting & open bedroom 
windows at night. Warren S. Harris & 
Robert H. Weigel. University of Illinois. 


meter of slab & foundation wall & be- 
tween ground & underside of slab. 

Unless house is well insulated & 
weatherstripped, baseboard units may be 
needed on some interior partitions in 
order to balance heat loss. It should 
also be noted that baseboard units are 
larger than conventional trim. 
also increase difficulty of wall alterations 
& where piping must cross a doorway 
the loop below must be provided with 
a drain. 


Excessive heat loss at perimeter of a 
concrete slab in basementless houses & 
heat loss from long window walls can- 
not be handled effectively by conven- 
tional heating systems with radiators or 
forced warm air. Radiant heating, 
perimeter warm air & baseboard heating 
have proved to be three satisfactory ap- 
proaches to these problems. 

1949 winter tests with five houses near 
Chicago with hollow steel baseboard 
units—forced hot water without con- 
vection air passages—gave following re- 
sults: (25) 

e size, shape or material of houses has 
little effect on baseboard heating 

e smaller air temperature differential, 
floor-to-ceiling & room-to-room than 
with conventional heating 

e no drafts 

© satisfactory relative humidity without 
special humidification 

e simple controls give good results. 


ey 


Engineering experiment station. Bulletin 
sertes no 391. Urbana, 1951 67 p 70¢ 
(27) Baseboard heating systems. J-B-R in- 


stallation guide no 5. Institute of Boiler & 
Radiator Manufacturers, 60 E. 42nd St., New 
Vork 7) NE SYe50¢ 
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4.1. A. file No. KI 
REFLECTIVE HEATING 


HEATING & COOLING UNITS 


HEAT REFLECTIVE SURFACES 


HE WORD “heating” in the title 
must be taken in the absolute 

sense, including cooling, since this 
system is not practicable for heating 
alone. It was developed by Dr. Clarence 
A. Mills, Professor of Experimental 
Medicine, University of Cincinnati, after 
considerable study of man’s reaction to 
his environment, & installed experi- 
mentally in his own new house over a 
year ago. 

Basically, as the diagrams above indi- 
cate, the system calls for a heat-reflective 
box with a cove source of heat & cooling. 
Untempered but electrostatically cleaned 
air is introduced for ventilation & kept 
above normal pressure to prevent infil- 
tration of outside air & dust. “The house 
is uninsulated, without weatherstrips & 
built on an uninsulated concrete slab. 

The principle is that man can be kept 
comfortable indoors under reflective 
radiant conditioning without regard for 
air temperature or humidity. In winter 
the radiant heat is reflected by all sur- 
faces to warm his body. In summer all 
surfaces are cooled in a reverse process 
& his body radiates excess heat to them & 
eventually to the cooling coil where con- 
densation of a certain amount of mois- 
ture from the air can also be carried 
away. 

This fairly simple process results in 
conditioned space (in this Cincinnati 
house) at one-third operating cost of 
conventional air conditioning. Heat or 
cooling can be switched on or off in each 
space as easily as the lighting « both 
respond quickly since the air temperature 
remains about the same. ‘The special 


carpet does have a beneficial heat lag 
in winter. 

For purposes of control & measure- 
ment this experimental system uses elec- 
tric heating & Freon gas circulated for 
cooling. Forced hot & cold water would 
be much less expensive media for normal 
use. Location & details of source are im- 
portant. The high aluminum & asbestos 
cove-within-a-cove keeps the heat source 
next to the ceiling so that convective 
heat currents are not set up. ‘The lip of 
the cooling trough has been found effec- 
tive in keeping chilled air from spilling 
out. 

The really unique feature of this sys- 
tem however is the use of highly reflec- 
tive materials on all surfaces of each 
room. ‘This has apparently been handled 
without becoming visually blatant by 
means of various heat-transparent finishes 
as shown in the accompanying schedule. 

This system is the real parallel with 
the Sun Valley solar-trap swimming 
pool illustrated on our title page. It 
does not produce stray convection or 
gravity currents of heated or cooled air 
with the dirt streaking common to ex- 
cessive circulation. It is concerned only 
with the rate at which a person loses 
body heat. In winter this rate must be 
slowed up, in summer it must be acceler- 
ated, in order to maintain comfort. It 
is further believed that such a system 
will be beneficial by reduction of sharp 
contrasts between indoor & outdoor con- 
ditions. By omission of insulation this 
system avoids the grave & perplexing 
problems of hidden condensation. 

Not mentioned in any references avail- 


able to us on this installation are definite 
benefits of not recirculating ventilation 
air. This has been our chief dislike 
of conventional air conditioning as prac- 
ticed by building owners. In order to 
save either heating or cooling costs too 
much air is recirculated. Residual or 
cumulative odor is bad enough but an 
actual decrease of oxygen may be in- 
volved often resulting in an enervating 
& stupefying atmosphere. More power 


to Dr. Mills. 


approximate 
reflectivity 
90% 


walls: 

e embossed & tinted foil 
(heat-transparent lacquer 
—embossing helps diffuse 
reflection ) 

ceilings 

e same as walls except for 90% 
corrugated aluminum sheet, 


perforated for air suply, 
in hall ceilings 

floors 

e foil, face up on slab “= 
(waffle foam  rubber— 
minimum contact down) 
(nylon carpet—good heat 
reflection ) 

windows 

e aluminum venetian blinds 75%? 

e aluminized draperies 80% 
(Milium) 

e woven draperies, nylon« 80% 
foil yarn (80% exposed 
inside ) (28) 
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(28) Experimental cooling-heating | system 
cuts fuel bills by use of heat reflective sur- 
faces in rooms. Clarence A. Mills. Arch 
Forum 93:127-130 Nov 1950 

(29) Heating, warmth in an unwarmed 
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house. Interiors 110:10,12 Oct 1950 


(30) The house that’s heated with “mirrors” 
Wayne Whittaker. Popular Mechanics 
97-100 Oct 1950 
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(31) ‘Radiant conditioning’ heats or cools a 
house by playing off heat-reflecting surfaces. 
New York Times Oct 1, 1950 
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SOLAR HEATING 


FAN BLOWS WARM AIR 
FROM COLLECTOR DOWN 
TO BIN THROUGH DUCT. 


COLLECTOR. METAL SHEET 
BEHIND DOUBLE GLASS 
PLATES. AIR CIRCULATES 


ae 


a 


IN AIR SPACE BEHIND METAL 
SHEET 


BAFFLE 


DUCTS FOR AIR FROM 
BIN TO COLLECTOR 


HEAT STORAGE BIN FILLED 


TH CONTAINERS HOLDING 
CHEMICAL 


FAN BLOWS WARM AIR 
FROM BIN TO ROOM 


BAFFLE 


LOUVRE FOR RETURN 
AIR FROM ROOM 


Chemical storage system 
Dr. Maria Telkes 


SCHEMATIC DIAGRAM OF 


MIT Solar house installation 


WHEH ME OTRDARY SUPPLEMENTARY 


WEAT (8 ADDED TO THE WATER 
im THE GOLAR BTORAGE TAME 
SY means OF ELEOTRIO NEAT 


ane. 


SECTION A-A 
THRU COLLECTOR 


OSSIBILITY OF taking heat 
from that unlimited source of 
energy, the sun, & putting it to use 
in buildings has preoccupied architects & 
engineers for many years. The difficulty 
has always been the wide-spread & re- 
grettable tendency for clouds to appear 
& cut off the sunlight, perhaps for sev- 
eral days. Radiant heat being prac- 
tically instantaneous in response, solar 
heating dependent on direct sunlight 
alone was erratic & undependable in 
most climates. Furthermore, there are 
distinct geographical & climatic limits 
outside of which, because of low winter 
solar angles or prevalence of a bad sea- 
son, insufficient solar heat energy reaches 
the earth. Within these limits, however, 
solar heating was a possibility—if some 
method could be found to store sufficient 
heat to carry over several dark days. 
First practical installations here were 
found in so-called sunny Florida & other 
southern states where solar heaters were 
developed for domestic hot water in the 
1930s. With large, heavily-insulated 
tanks sufficient hot water for one-family 
use could be held for some three days 
of cloudiness—usually sufficient. 


Storage 


Scientific study of problem of heat 
storage, much of it by Dr. Maria Telkes, 
now at MIT, resulted in system dia- 
grammed above. ‘This depends on heat 
phenomena during changes of state of 
matter. Certain chemical salts can be 
melted or fused by heat & upon cooling 
& returning to solid or crystalline state 
in turn give off this heat of fusion. 
This process creates a time-lag which has 
effect of storing original heat for suf- 
ficient time to make solar heating prac- 
ticable. Such installations using Glaubers 
Salts storage are not available so far 
except as custom jobs but storage in- 
stallation seems a relatively simple mat- 
ter of closets or bins with racks for the 
salt in closed containers around which 
air flow is directed by fans. No piping 
is required. 


Collectors 


Solar heat collectors are more com- 
plicated as indicated in above detail of 
MIT Solar House. There are several 
varieties of these, including coils of water 
tubing in a black box with glass cover 


or a system of overlapping glass plates 
over which water flows. 


MIT conference 


A Course-Symposium on Space heat- 
ing with solar energy was held at MIT 
in August 1950 & illustrations used here 
are from proceedings of this conference. 
Considerations of solar geometry, climate, 
surface materials, collector details, stor- 
age & heat flow were described & dis- 
cussed & these two test houses were in- 
spected. 


Sun control 


Along with use of solar heat must go 
methods of orientation, calculation of 
solar angles & architectural details to 
facilitate or discourage insolation of 
building space. Some of these features 
of sun control have become dramatic 
clichés of contemporary facade pattern. 
Some are so inadequately designed for 
their function as to be worthless except 
as pattern. We consider subjects of sun 
& daylight control important factors in 
current progressive trend toward design- 
with-the-climate & expect to devote a 
TRG to them in the near future. 


enna errr eee acer cS SSS SS SSS 


(32) Bibliography on domestic & industrial 
applications of solar heating. Engineering 
Societies Library. ESL bibiliography no 7. 
New York, 1950 20 p $2.00 
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(33)eMIT. builde solar heated aaieeMete ee 


Rec 105:135-138 Apr 1949 


(34) Test house heated only by solar heat. 
Dr. Maria Telkes residence, Dover, Mass. 
Arch Rec 105:136-137 Mar 1949 


(35) Domestic solar water heating in 
Florida. Harold M. Hawkins. Univ. of 
Florida, Florida engineering & industrial ex- 
periment station. Bulletin no 18. Gainesville, 
Fla., 1947 26 p 
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HEAT SOURCE 


=I 
OUTDOOR AIR 58 
WELL WATER | __ eG 
GROUND id 
SOLAR ge 
a= 
ia 
ez 
COMPRESSOR & MOTOR 8 

CHECK EXPANSION 


VALVE 


CONDENSER-LIQUID RECEIVER amas 


STORAGE HEAT PUMP SYSTEM FOR HEATING AND COOLING BY CHANGING 


CONDITIONED 


COIL 


WATER CONDITIONER 


REFRIGERANT FLOW. AIR,WATER, SOLAR ENERGY OR THE EARTH IS USED 


AS THE HEAT SOURCE. 
HEATING CYCLE: 


“4 WAY VALVE POSITION I-4 AND 2-3 


COOLING CYCLE: 
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HEAT PUMP 


Fe) CONDITIONER 
gw COIL 
z3 CIRCULAT! 
as ( repbragelaes 
i DEEP 
WELL 
PUMP 
CONDENSER ld ell ad Ps 
STORAGE HEATING CYCLE: 
TANK 4 WAY VALVE POSTION 1-4 AND 2-3 
COOLING CYCLE: 
4 WAY VALVE POSTION I-2 AND 3-4 
HEAT PUMP SYSTEM WITH FIXED REFRIGERANT CIRCUIT 
HEAT SOURCE: WELL WATER 
FIG FIG.2 


4 WAY VALVE POSITION I-2 AND 3-4 FIG.1 


IKE SOLAR heating, the heat pump 
L (which extracts heat from earth, 
water, air or sunlight & can be re- 
versed for cooling) appeals to laymen 
in our present box-top or something-for- 
nothing economy. The 100-year-old 
theory is practical « has been applied suc- 
cessfully & economically in buildings 
ranging from small houses in Ohio & 
elsewhere to a 12-story office building 
in Portland, Oregon. Success of most 
of these more than 500 installations, 
however, depends on careful engineering. 


Principles 


In essence heat pump is a mechanical 
refrigerator designed to boost relatively 
low heat of earth, water, air or sun to 
useful levels. In reverse cycle for cool- 
ing, using same equipment, space to be 
cooled is used as primary source of heat. 
Heating alone by this method is not 
generally considered economically feasi- 
ble but combination theoretical efficiency 
is high, a well-designed reverse-cycle 
unit developing 3-4X as much heat as is 
supplied in form of energy to drive com- 
pressor. Basic heat pump designs in- 
clude following types (sources are given 
first, then media used to transfer heat 
from condenser, etc.) : 


air-to-air 

water-to-air 
air-to-liquid or water 
water-to-water 


Sources 


Principal advantages of earth as heat 
source are its universal availability « 
relatively stable temperature, not imme- 
diately affected by local weather changes. 
Water may often be an excellent source 
of heat but may be limited in supply. 
Use air only when outdoor temperature 
range is narrow & appropriate &, as heat 
source is seriously affected by humidity 
changes, ice & frost on evaporator or 
heat exchanger coils by freezing of con- 
densation is a factor of inefficiency. Suit- 
able systems using sw as heat source for 
heat pumps have been explored by FE. R. 
Ambrose, air conditioning engineer, from 
whose paper came above system dia- 
grams. It is noted that heat of fusion 
storage requires about 1% cubage of 
water storage. Solar heat pump com- 
bination is attractive because solar col- 
lector can operate at rather low tem- 
peratures (50-60° F) making it more 
effective for overcast conditions. At 


1951 annual meeting of ASHVE opinion 


was expressed that average city lot is 
too small to supply enough heat to warm 
a house by means of a heat pump unless 
unusual soil, moisture & subsurface con- 
ditions are present. When a “heat sink” 
has been cooled it takes relatively long 
time to heat up again, & vice-versa. 
Studies have been made of special 


methods to increase heat conductivity ~ 


of soil. Earth’s heat capacity is sur- 
prisingly large. Three cubic feet of 
earth will give up 75 BTU in being 
cooled 10° F or absorb a similar amount 
in being heated 10°. 


advantages of heat pumps 


e high coefficient of performance— ~ 
efficiency 

e year-round installation simplified 

e no flue or chimney 

e no fuel storage 

e clean operation—no air pollution— 


decoration economies 

e centralized equipment 

e minimum fire hazard 

e simultaneous heating & cooling of 
spaces in same building is very eco- 
nomical 

e possible favorable electric power rate. 


EE 


(36) Heat pumps. Philip Sporn, E. R. Am- 
brose, Theodore Baumeister. New York, John 
Wiley & Sons, 1947 188 p $3.75 


(37) Heat pump undergoing tests in five 
houses. Research program of the American 
Gas & Electric Service Corp., New York. 
Arch Rec 105:140-144 May 1949 


(38) Theory of earth heat exchangers for 
the heat pump. L. R. Ingersoll and others. 
Heating, Piping & Air Conditioning 22:113- 
122 May 1950 Also issued as University 


‘of Wisconsin. Engineering experiment station. 


Reprint no 157 
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(39) Factors useful in ground grid design 
for heat pumps. G. S. Smith. Heating, Piping 
& Air Conditioning 23:169-176 Jan 1951 


(40) Reverse-cycle refrigeration for heating 
in the south. S. P. Goethe. Univ. of Florida. 
Florida engineering & industrial experiment 
station Bulletin no 14. Gainesville, Fla., 1947 
48 p 


(41) Space heating by electric radiant panels 
and by reverse-cycle. Louis Slegel. Oregon 
State College Engineering experiment sta- 
tion Bulletin series no 24. Corvallis, Ore., 
1948 45 p 50¢ 
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(42) Heat pump system employing storage 
and using auxiliary heat. E. R. Ambrose. 
Mimeographed paper presented at MIT 
course-symposium on space heating with 
solar energy. Aug 1950 

(43) Soil temperature studies—a progress 
report. R. F. Leggett & F. L. Peckover. High- 
way Research Board Proceedings 29th annual 
meeting, 1949. p 434-445. Also as Canadian 
National Research Council Division of Build- 
ing research, Research paper no 1 


(44) Climatology as an aid in heat pump de- 
sign. G. S, Smith. Heating, Piping & Air 
Conditioning. June 1951 7p 
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Radial perimeter system in crawl space house (see p.5) 


Automatic heating 


Along with improvements & innova- 
tions in heat sources & distribution 
methods have come hundreds of control 
devices & operation aids. House heating 
has become a simple matter of push- 
button operation & thermostatic regula- 
tion which will even keep automatic 
tabs on outside weather. 

Part of this revolution has come about 
thru more easily handled fuels. A re- 
cent survey by H&HFA of approxi- 
mately 30,000 FHA-insured dwelling 
units indicates that gas heating is used 
in 60% «& oil in 31%. 

Pipe-line distribution has extended 
natural gas into new heating markets & 
has become a favorite because of auto- 
matic control & ease of operation. LP-gas 
(liquefied petroleum gas) is also finding 
an expanding market, particularly where 
there is no piped gas. Oil is still 
favored where there is dependable serv- 
ice & no gas utility. It provides a de- 
gree of labor-saving never dreamed of 
by our parents. Its popularity was 
affected somewhat by the push for war- 
time conversion to other fuels when oil 
was needed by the military. In cer- 
tain favored localities low cost of elec- 
tric current permits its use for heating 
purposes: beyond the portable heater « 


(45) Heating ventilating air conditioning 
guide 1951 vol 29. American Society of Heat- 
ing & Ventilating Engineers, New York 10, 
N. Y. 1951 1456 p $7.50 

(46) Heating & Ventilating’s engineering 
databook. Clifford Strock. New York, Indus- 
trial press, 1948 v.p. 

(47) Heating, ventilating & air-conditioning 
fundamentals. 2nd ed. William H. Severns & 
Julian R. Fellows. New York, John Wiley & 
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occasional wall unit. 


Loser in all this battle of fuels, but 
still fuel king in many areas, is coal. 
This industry has not been backward 
but has had to work against great odds 
to overtake inherent efficiencies of more 
mobile & cleaner fuels. Research & de- 
velopment of improved equipment has 
increased efficiency of coal-fired heating 
installations, improved control & re- 
duced labor by better firing & ash re- 
moval devices. 


Many of these developments have re- 
sulted from research carried on by the 
Anthracite Institute, sponsored by the 
anthracite producing industry. The 
maximum in automatic control & opera- 
tion of coal fired heaters is claimed for 
Anthratube, a new & revolutionary type 
of heater, developed by the Anthracite 
Institute, which feeds itself from the 
coal supply, provides more complete 
combustion & stack gas utilization, auto- 
matically shakes « deposits ashes in a 
container or may be provided with a 
pit to hold an entire season’s accumula- 
tion. It may also be arranged to fur- 
nish automatic hot water throughout the 
year. Batteries of Anthratube heaters 
may be installed to heat larger build- 
ings. ‘This equipment is manufactured 
by several well known makers. 


Sons, 1949 666 p 

(48) Progress in house heating equipment. 
Clifford Strock. Arch Rec 105:139-145 Apr 
1949 

(49) Construction and equipment of the 
home. American Public Health Association 
Committee on the hygiene of housing. Chi- 
cago, Public Administration Service, 1951 
77 p $2.50 Chap. 2. Problems of heating and 
ventilation. p. 5-15. 


Snow melting 


A special form of slab radiant heating 
has become popular after a few pioneer 
installations dramatically demonstrated 
their labor-saving economy, safety & pub- 
lic relations value. We refer to snow 
melting for sidewalks, steps, driveways & 
airport runways. 


The piping may be embedded in non- 
corrosive concrete or bituminous slabs 
(latter has a lower heat transmission 
factor) & should be highly corrosion re- 
sistant because of difficulty of repair. 
Three piping patterns have been used: 


e sinuous coils 

e grids 

e combination grid & continuous 
coils 


Sinuous coils easily can be made to fit 
irregular areas. “They use full random 
lengths & require fewer joints. They 
have more friction & may be difficult to 
drain. 


Grids have parallel pipes across field 
with headers at each side. Supply & 
return connections must be at diagonal 
corners. While least expensive for large 
jobs—because of possible automatic 
welding, few (if any) bends & good 
operation characteristics because of low 
friction & easy sloping for positive drain- 
age—they may be more expensive for 
smaller jobs because of increased num- 
ber of welds & use of cut lengths of pipe 
rather than random lengths. 


Combination grid & continuous type 


shares advantages & disadvantages of 
other two systems. 

Expansion of piping must be con- 
sidered in design. Steam has been found 
unsatisfactory because of high tempera- 
ture range & freezing of condensate. It 
may be used with heat exchanger to heat 
water for forced circulation. Water 
must be in anti-freeze solution with 
positive assurance that it cannot remix 
with water supply. 


Controls can be provided which will 
be actuated automatically by snowfall. 
Design methods have been developed & 
are available in references indicated be- 
low. ‘These help determine pipe sizes & 
spacing, water temperature, expansion 
details, boiler & pump capacities for vari- 
ous exposures. 


(50) Heating the home. Univ. of Illinois 
Small homes council. Circular series G3.1. 
Urbana, 1951 12 p 10¢ 


(51) Snow melting. T. Napier Adlam. New 
York, Industrial press, 1950 224 p $4.50 


(52) Byers Wrought iron pipe for snow melt- 
ing systems. A. M. Byers Company, Pitts- 
burgh, Pa., 1951 35 p 
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Architectural Acoustics 


INTRODUCTORY REMARKS ON THE ACOUSTICS SEMI- 
NARS AT THE 1951 A.J.A. CONVENTION IN CHICAGO 


HE PROGRAM was introduced by 

Walter A. Taylor, Director of the 
Department of Education «& Research, 
who spoke briefly as follows before pre- 
senting the moderator for the series. 


Remarks by Mr. Taylor 


My function at these two meetings, 
this afternoon & tomorrow, is simply to 
represent The Institute officially «& to 
establish this program of seminars as 
one of a series of meetings which we 
have conducted in connection with the 
national conventions of The Institute for 
the past four years. We have a general 
title, Fundamentals of Design, & in 
previous conventions we have talked 
about aesthetics, about color & light, « 
now we come to sound. I assume that 
the implication is pretty obvious that 
in all of the fields of the applied sci- 
ences, we need to keep ourselves up to 
date. That is one of the broad func- 
tions of the Department of Education « 
Research of the Institute, & it is under 
the auspices of that department that we 
conduct this kind of meeting, not only 
in the national convention, but in re- 
gional meetings & in chapter meetings. 
Now, it is fortunate that however lack- 
ing in prestige the A.I.A. may be in 
the fields of Engineering & Science, it 
seems to be sufficient to enable us to draw 
the cream of any field to our convention. 
We are able to bring together outstand- 
ing people in any fields that we choose 
& so we are able to present today & 
tomorrow seven or eight men who are 
highly specialized & among the best men 
to be found in the country on the sub- 
ject of this symposium. 

Now I am going to introduce one of 
these specialists who will serve as moder- 
ator for both of these meetings & who 
will present the concluding paper. That 
person is Mr. Robert E. Newman, who 
is Assistant Professor of Architecture at 
M.1.T. & who is a partner in the firm 
of Bolt, Beranek « Newman, consultants 
in acoustics. He is former head of the 
Audio Division of Aeronautical Radio & 
Radar Laboratornes, Naval Air Experi- 
ment Station, Philadelphia (1942-1945). 
He has been on the teaching staff of 
M.LT. since 1948, working principally 
in architectural acoustics. He is con- 
sultant in acoustics for the U.N. build- 
ing, for the tent & orchestra canopy at 
Aspen, Colorado, for the Ford labora- 
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tories at Dearborn, the G.M. Technical 
Center, for many churches, schools, & 
other buildings throughout the country. 
He is chairman of the Committee on 
Architectural Acoustics of the Acoustical 
Society of America, the author of a 
series of articles on acoustics in the Archi- 
tectural Record, & articles in other archi- 
tectural journals. Of all the specialists, 
I suppose perhaps we might admit to a 
little prejudice in favor of Mr. New- 
man because he was trained originally 
as an architect. He holds Masters De- 
grees in both Architecture & Physics. So 
we believe, in fact we know, that he 
can bring the architectural point of view 
to bear on this scientific field & help us 
all to interpret the fine reports to follow 
from the other specialists in terms of 
the work of our profession. I am very 
happy to give you now Professor New- 
man. 


Introductory remarks by moderator 


It is a very good sign that we have 
gotten around to this technical session on 
acoustics. We have tried several re- 
gional meetings in the past, & they have 
always been very successful. ‘This is 
the first time we have had a chance 
to do work on a large scale, a session 
with so many participants representing a 
great many points of view. I think there 
is a growing understanding among archi- 
tects, at least we like to think that there 
is, & we try to train students to believe 
this, that acoustics is a field which must 
be integrated with the planning of all of 
our buildings. It is something that we 
don’t want to use as an excuse for poor 
designing. I think we have all seen 
some pretty bad things come out of 
acoustics. For instance, crazy shapes 
that horrify us from the design stand- 
point, & yet have been somewhat gov- 
erned by acoustical consideration. But 
this need not be the case if we develop 
design & good acoustics together, & un- 
derstand that acoustical treatment is in- 
volved in the whole structure & finished 
material. It is not something that is 
brought in & glued in place after the 
building is finished. So often, that is 
the way it is done, & I think that in our 
conferences for the next two afternoons 
we will see that this is very true. If we 
get nothing else from these talks, it will 
be well done. The aims of acoustical 
design, as architects are concerned with 
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The papers presented by the 
specialists in these seminars are be- 
ing published in the BULLETIN as 
Architectural Abstracts, a first 
group of three having appeared in 
the July BULLETIN, condensing the 
following presentations: 

e acoustics in the design of pub- 
lic spaces 

Dr. Vern O. Knudsen 

control of noise in buildings by 

air conditioning 

C. N. Ashley 

acoustical design & treatment 

of work spaces 

R. Allen Wilson 

Another group appears in this 
issue of the BULLETIN, including: 
e sound waves & how they be- 

have in buildings 

Dr. Howard C. Hardy 

effects of noise on human be- 

havior & communication 

Dr. Hallowell Davis 

cost of noise 

Samuel L. Hooper 

architectural acoustics 

Robert E. Newman 


it, are twofold. They can be very 
simply stated first as the necessity to 
provide a good acoustic environment, a 
satisfactory environment for whatever 
task is at hand. It may be for sleeping; 
it may be for lectures; it may be for 
operating machines in factories. But the 
important thing is that we produce a 
satisfactory acoustic environment. ‘The 
other thing we have to do is to provide 
a good hearing condition. ‘Those two 
things are the two aims that we are 
going to try to talk about here for a 
couple of days & analyze & find out how 
we achieve them. So the provision of a 
satisfactory environment and a good 
hearing condition are our main points. 

I think that in concluding my intro- 
ductory remarks, I would like to point 
out the fact that the theme of our con- 
vention is ‘Humanity, Our Client.” In 
acoustics, we are dealing with human 
beings. The reaction of people to noises 
& sounds are what govern the establish- 
ment of our criteria. All in the world 
that we can learn about the physical 
nature of sound, how to control noise 
effectively, how loud sounds are, how to 
measure sound, how to get rid of noise, 
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etc., is of no value whatever if we 
don’t understand adequately the criteria 
for sound. We are human beings who 
are going to listen to the noises, who 
are going to hear our uses of speech, & 
we have to find out how we react in 
order to establish these criteria. I think 
Dr. Davis is going to discuss this sub- 
ject a little later. The tremendous 
necessity is finding out really what are 
the criteria for sounds. We have some 
data on the effects of noise & sound on 
people. “These we must understand be- 
fore we go into the establishment of 
design procedures to accomplish acous- 
tical criteria. 


Comment by Professor Newman 


Often in this business of talking about 
noise reduction & office space, we find 
some fool running in with a soundlevel 
meter to find out how much he has re- 
duced sound level of noise in the space 
before & after treatment, & results are 
always very disappointing. If we be- 
lieve these results we throw out the 
acoustic material salesman, call him a 
fraud, & get our money back. For ex- 
ample, if over-all sound level is 85 
decibels in office space before treatment, 
it may drop to 82 db after treatment, or 
maybe 80 db if we are quite lucky. The 
point is not how much have we reduced 
over-all level, but how much have we 
changed character of the noise. How 
-_ much have we improved comfort of the 
space in reducing reverberation time & 
most important of all, how much have 
we succeeded in keeping this guy’s noise 
over there with him. If I’m operating 
a typewriter, or you’re operating a type- 
writer or some other machine or gadget 
you don’t mind nearly so much the noise 
of your own machine since you can stop 
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it. You have it under your control. It’s 
this other guy & his infernal racket & 
his talking that you object to. Treatment 
of office space benefits this type of prob- 
lem in restricting noise to more localized 
areas & keeping it from spreading all over 
the place. I have another point apropos 
of Dr. Davis’ remarks on very loud 
noises. In factories where we have noisy 
processes, in facilities where we _ test 
noisy gadgets such as jet engines & other 
forms of noise makers, we’ve got to do 
more than just over- ‘all treatment of 
space, because you have not only a prob- 
lem of localizing noise, but of reducing 
it considerably, & a simple over-all treat- 
ment of the ceiling or some areas in the 
space is not going to do the job. We’ve 
got to start out, if we can, with design 
of the machines, to quiet them; we've 
got to apply local housings; we’ve got to 
use vibration isolation, & we've got to do 
all sorts of other things. The office 
noise control problem & the loud indus- 
try noise control problem are two dif- 
ferent things, & we must learn that we 
get disappointing results if we don’t 
attack them differently. 


Introductory comments by Professor 
Newman at beginning of second 
session 


First of all, as we said yesterday, we 
are out to achieve a satisfactory acoustical 
environment, What to do with space, 
whether it is a hospital or a boiler fac- 
HOLY tas 

Second objective is to establish good 
hearing conditions. Now, we improved 
hearing conditions markedly here this 
afternoon by cutting off the noisy venti- 
lating system. 

There are four principles or parts of 


the hearing condition that I’d like to 
outline & have you note as the various 
speakers present their papers this after- 
noon. 


The first requirement for good hear- 
ing condition is that we have a suf- 
ficiently low level of background noise. 
We satisfied that point here by cutting 
off the ventilation. It’s too bad in this 
hot weather the ventilation had to be 
cut off to establish that principle. Mr. 
Ashley is going to tell us this afternoon 
how we can avoid that difficulty. 

The second requirement is that of 
having an adequate separation of sylla- 
bles, that is, that we have proper control 
of reverberation time in the room, so we 
don’t get confused sound, don't get 
overlapping. "The aim is to have one 
syllable die away before the next one 
starts so we can hear clearly what is 
being said. 

Another requirement is proper distri- 
bution of sound. By proper distribution 
we mean that insofar as possible sound 
level is uniform throughout the build- 
ing—we don’t have so-called live spots & 
dead spots—we don’t put domes on build- 
ings. ‘The last requirement is sufficient 
loudness. Now, in this room we can 
achieve sufficient loudness by the use of 
this prop: this public address system. In 
many rooms we have to use one because 
they are large & human beings run out 
of lung power after a while & have to 
have a boost from some sort of artificial 
aid. In other cases the room is poorly 
designed & there is no provision for 
proper reinforcement of sound. So if 
we satisfy all of these conditions, & we 
are going to talk about how we go about 
it today, we have the association of 
acoustical qualities that we want. 
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id Sound Waves and How They Behave in Buildings 
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Abstract of address by Howarp C. Harpy, Assistant Chairman, Physics Department, Armour Re- 
search Foundation of Illinois Institute of Technology, Chicago. 


HE ARCHITECT of this generation 

must solve problem of providing a 
better acoustical refuge for man against 
ever-increasing noises & disturbances of 
his high-speed civilization. Unconscious 
reaction of how a place sounds has pro- 
found effect on acceptance of a build- 
ing as a place to work, to play, or for 
that matter, to worship. 


Labor costs & material shortages are 
resulting in development of new lighter 
structures designed primarily to support 
building stress with smallest weight. As 
a result, many structures which are well 
engineered mechanically, give us a feel- 
ing of cheapness & flimsiness because of 
inferior acoustic qualities. 


I know of at least one college campus 
where an architect has added markedly 
to efficiency of modern education by de- 
signing classrooms so that student can 
hear two lectures at once, one in class 
he is attending, & other through thin 
partitions of adjoining classroom. For- 
tunately, for psychological equilibrium of 
student, noise coming from outside is so 
great that he can hear neither lecturer! 


Elementary information that architect 

should possess has to do with 

e how sound waves behave to man’s 
hearing mechanism, or how people 
hear things 

e how they behave to a microphone, or 
how acoustic energy is measured 

e how sound travels thru space 

e how sound behaves when it strikes 
acoustical absorbing materials 

e how it gets from one part of a build- 
ing to another 

e effect of noise on listening 

@ positioning of mechanical equipment 
to prevent unfavorable reaction 

e provision of facilities for sound ampli- 
fication etc. 


Man’s hearing mechanism 


Figure 1 shows the Fletcher-Munson 
curves, essentially a map of hearing 
range of human ear. On Y-axis is 
enormous range of intensities over which 
ear can hear, a million million to one. 
Because such a figure with 12 zeros is 
too great to handle, we use term 
“decibels” which simply means that 
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every time we increase intensity ten 
times, we add 10 decibels. Increase of 
intensity of 1000 times is, therefore, 


30 db. 


Because the ear is made to hear over 
such a large range, it cannot be bothered 
with small jumps. We can detect 
changes of about 1 db, about 20%. This 
means that noise or sounds are not af- 
fected by trivial architectural changes. 
The change has to be drastic for ear 
to know any difference. 


On X-axis is plotted frequency, which 
is closely synonymous to subjective sen- 
sation of pitch. We hear over a range 
of frequency between 15 cycles per sec- 
ond & a variable upper limit. For the 
young person this is over 20,000 cps but 
for older people it depends somewhat on 
age & on how much noise one has been 
subjected to. This spread of frequency 
—over ten octaves (by an octave we 
mean a range over which frequency is 
doubled), is also enormous. 


On the chart itself is plotted how ear 
responds to various intensities & fre- 
quencies. Each one of these lines is a 
contour of equal loudness. Contours are 
not flat. To describe loudness, there- 
fore, it is necessary to measure both in- 
tensity & frequency & any instrument 
which measures intensity alone is a poor 
substitute for human ear. Also, any 
measure of sound reduction which uses 
decibel figures alone is a poor measure- 
ment of effect as heard by ear. 

Figure 2 shows what man has done to 
his region of sensibilities. Man’s speech 
region covers shaded area shown. ‘This 
is level to which man adjusts his speech 
so that it is comfortable to his neighbor. 
Above this region noise of office ma- 
chines, a shouting person, a neighbor’s 
noisy radio, or a honking horn, is usually 
considered uncomfortable. Yet man has 
made many devices which are much 
noisier than this, & large shaded areas 
shows large part of man’s acoustic sen- 
sibility regions which has been clouded 
by man-made devices. Industrial ma- 
chines are shown on this figure, but traf- 
fic noises & other disturbances are nearly 
as high. Against some of these we need 
to be protected. This is part of archi- 
tect’s job. 
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Noise spectra & loudness units 


The contour chart I have just shown 
applies mostly to sounds which are pure 
tones. Many kinds of sounds such as 
those shown in Figure 3-have many fre- 
quencies. Here sound spectra have been 
plotted in increments of frequency called 
octave bands. Noise in each band con- 
tributes individually to total loudness. 

Recently it has become possible to 
obtain loudness figures using a new unit 
(which many of you have not heard of) 
that measures true loudness by weighting 
contribution of each of these octave 
bands. 

This new unit is called the sone & it 
is a true linear psychological unit such 
that 40 sones is twice as loud as 20 sones, 
&« 20 sones is five times as loud as 4 
sones. Figure 4 shows loudness of 
typical outdoor noise sources in typical 
American cities. In left column are 
sound-level meter readings. “The other 
figures are true loudness values in sones 
which, are often not consistent with 
decibel readings. This scale also gives 
order of magnitude of sone unit. Loud- 
ness of a quiet device in the home may be 
one sone, which is about 35 or 40 db. In 
order to reduce noise of an old streetcar 
to this level a wall is required which in 
common parlance has a transmission loss 
of 50 db. Few such walls exist in 
America today. 

Noise inside many industrial plants is 
much higher than these values. Workers 
are now working in many industrial 
operations where loudness is as high as 


1000 sones. 


Sound propagation 


Sound waves are minute pressure 
fluctuations in elastic air around us. 
Sounds which you hear from my voice 
are pressure variations of only one 
millionth of static atmospheric pressure. 
The ear can even hear one ten-thousandth 
of this pressure fluctuation. Indeed, the 
ear can hear an amplitude of vibration 
in air which is 1/20 diameter of mole- 
cules of which air is composed—consid- 
erably below what our best microphones 
can reach. 

Air, being an elastic medium, trans- 
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Figure 1. Fletcher-Munson loudness curves EQUAL LOUDNESS CONTOURS . 
which show range of sensibility of ear in 
intensity & frequency. Heavy lines are con- 
tours of equal loudness. 120 


mits energy which it receives very easily. 
Consider air in this room to be similar 
to a huge mass of imaginary gelatin. If 
I disturb the boundary of this gelatin 
even so slightly, waves are propagated 
thru the medium & the mass becomes 
suddenly alive with agitation. So dis- 
turbances of air by my voice & multiple 
disturbances from the public address 
system are carried throughout the room 
until they are dissipated. 
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This energy is transmitted very 
rapidly. In these days of supersonic 
planes you do not need to be reminded 
that this speed is about 750 mph. Thus, 
sound of my voice travels the length 
of this room ten times in one second & 
reflects many times from the walls. All 
other sounds produced in the room 
create similar disturbances & they com- 
pete at our eardrums for attention. 
These sounds may be a cough, sighing of 


40 


INTENSITY LEVEL OR PRESSURE LEVEL 


the ventilating system, or impact on ) 
floor above. 
20 100 - 1000 10,000 

Sound absorption FREQUENCY IN CYCLES PER SECOND 

Sounds started would persist forever, 
if there were not some means of absorb- 
ing them. Air itself is a very poor 
absorber of energy. Most sound is 
absorbed on boundary surfaces. Clothes (yep ary LEVELS, OCTAVE BAND LEVELS. 
& soft seats are pretty good absotbers. DECIBELS DECIBELS 


We can aid absorption by using a 
material which has sufficient porosity 
to allow fluctuating air flow to penetrate 
its surface & be absorbed by viscous fric- 
tion in spaces between fibers. ‘This is 
how most acoustical absorbing materials 
act. Sound is also absorbed, particularly 
at low frequency, by exciting diaphrag- 
matic actions of thin materials. 


a CHICAGO NOISE SURVEY 


NOISE LEVELS IN 
RESIDENTIAL AREAS 


Sound transmission 


Being minute pressure waves, sound 
waves naturally transmit their momen- 
tum to walls which are excited into 
minute vibrations. Vibration of walls 
excites air on other side so that pressure 
wave is transmitted to other walls « so 


y : RESIDENTIAL AREAS, 
ad infinitum. 


mS | TRAFFIC OVER 


It may seem fantastic that walls of 
rooms in which there are sounds are in 


Figure 3. Chart from Chicago Noise Sur- 
vey which shows how sounds are analyzed 


into noise spectra by breaking them up into Oo 50 75 100 150 200 300 400 600 800 1200 1600 2400 4800 
octave bands. © Spectrum given is for a 50 100 150 200 300 400 600 800 1200 1600 2400 32004800 
typical city noise. OCTAVE BANDS, CPS 
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LOUDNESS OF TYPICAL NOISE SOURCES 
IN CITIES AND RESIDENTIAL AREAS 


(NO TRAFFIC) 
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NOISE SOURCE Neal 
VERY NOISY FACTORY 84 76 
METROPOLITAN BUSINESS DISTRICT 85 67 
OLD STREETCAR AT 50 FEET 85 64 
HEAVY TRUCK AT 50 FEET 83 57 
BUS (STARTING) AT 50 FEET 78 4\ 
NOISY FACTORY 74 36 
NEW STREETCAR AT 50 FEET 7\ 30 
SUPERMIGHNAY TRAFFIC mo 
TROLLEY BUS AT 50 FEET 69 21 
AUTOMOBILE AT 5O FEET 68 14 
QUIET INDUSTRIAL DISTRICT 57 ~=«6.5 
QUIET RESIDENTIAL DISTRICT 56 35 


Od x x 


4000 6000 8000 10,000 


LOUDNESS IN SONES 


Figure 2. Regions of sensibility which are 
covered by speech & industrial noise. Sounds 
with intensities above speech region are 
usually considered objectionable. 


constant vibration. ‘These vibrations are 
extremely minute, however. When we 
say a wall has a sound transmission loss 
of 40 db, it simply means that amplitude 
of vibration of wall is 1/100 of ampli- 
tude of sound waves in room. One can 
see importance of mass in walls to pre- 
vent sound transmission because in this 
case less momentum is transferred from 
air to wall. One can also see that so- 
called “sound absorbers” are very in- 
efficient in reducing sound transmission. 
Most of these are porous or lightweight 
or both. If air can flow thru them, 
or if they can be excited into vibration, 
sound energy is transmitted thru them. 


Acoustics would be much more of an 
exact mathematical science if we could 
compute how sounds are reflected or 
scattered by intervening objects. Un- 
fortunately, this is not easy in irregularly 
shaped rooms unless wavelengths of 
sound waves are much larger or much 
smaller than objects in question. In 
Figure 1, I indicated that frequencies of 
interest run between 15 & 20,000 cps. 
Lower frequency has a wavelength of 
70 feet, & higher less than 1 inch. This 
means that by mathematics we can pre- 
dict geometrical acoustics only for those 
objects which are larger than 70 feet & 
smaller than one inch, which excludes 
about everything most architects want 
to consider! 


Architectural acoustic models 


For this reason, recently, we have gone 
to study of architectural models. Such 
studies have been made before with light 
waves, but modern trend is to use sound 
waves themselves. It is necessary in 
order to keep similitude relations to pre- 
serve ratio of dimensions of model to 
wavelength. This means that if the 
scale is 1 to 10, that frequencies 10 times 
as great must be used. Special acoustical 
materials which simulate room surfaces 
have been & are being developed & 
measured. Figures 5 & 6 are photo- 
graphs showing two models on which 
Armour Research Foundation worked. 
First is for Grant Park Amphitheater 


Figure 4. Loudness & intensity of typical 
city noises. Sound-level, as measured on a 
sound-level meter, is often not consistent 
with true loudness values. 
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Figure 5. View of a scale model (1:20) 
of proposed outdoor amphitheater whose 
acoustic properties have been predicted by 
similitude studies, 


holding 25,000, with a removable roof, 
which is proposed to be constructed in 
Grant Park in Chicago. This is on a 
scale of 1 to 20. Bandshell shown 


was developed by our acoustics group. 


Second shows model of Ravinia Park 
covered outdoor amphitheatre built on 
a scale of 1 to 16, for which a model 
study was made. Finished amphitheater, 
built. on Chicago North Shore, comes 
up to expectations of measurement. It 
‘is possible now at an expenditure of 
1-2% of finished cost to predict almost 
completely the acoustics of an unknown 
structure. ‘This is good insurance on 
any construction. 


Conclusion 


Acoustical engineers can see many 
gaps in application of modern thinking & 
in use of modern technology. One ex- 
ample can be mentioned. Despite wide- 
spread use of public address systems, 
piped music in restaurants & factories, & 
almost universal home use of radios & 
(recently) television, little thought has 
been spent by architects on planning of 
‘such installations which are as much a 
part of building as lighting, heating, & 
ventilation. 


Figure 6. Another amphitheater model 
(scale 1:16) whose performance was ac- 
curately predicted in finished structure. 
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Note: Dr. Davis’ paper was originally 
published by the American Medical As- 
sociation which granted permission for 
this abstract. 


1: NOISE had no effect on man, we 
should not need to bother about abat- 
ing noise. In fact, the whole problem 
has practical meaning only to extent 
that there are human limits or toler- 
ances of some sort that we are able to 
define. There are indeed limits of toler- 
ance of human ear & of human nervous 
system for noise. Unfortunately, how- 
ever, & particularly for those who would 
like to write laws & ordinances tomor- 
row, these limits are still vague. 

Dr. Karl Kryter, now director of 
Human Resources Research Laboratory 
at Bolling Air Force Base, has recently 
prepared a report for Office of Naval 
Research on this subject.1 The United 
States Navy wanted to know what noise 
levels would be permissible in various 
situations on naval vessels, & why. Dr. 
Kryter’s report is a very thorough, care- 
ful & critical survey of our positive 
knowledge of effects of noise on man. 
His work was done under my general 
supervision. 

It had become common experience 
both in Armed Forces & in industry that 
in many important situations noise inter- 
fered with ability to communicate by 
voice & even by electrical intercommuni- 
cation systems. Second, injury to hear- 
ing by loud sounds had become generally 
recognized in forms of so-called “boiler- 
maker’s deafness,” “aviator’s notch” & 
(more serious) “blast injury.” ‘Third, 
many people realized from their per- 
sonal experience that noise can be annoy- 
ing. All manner of vague ills & ail- 
ments, from insomnia & high blood pres- 
sure to inability to do mathematics or 
ride a bicycle, have been attributed to 
baneful effects of noise of one kind or 
another. But no matter how many 
times the stories were repeated in maga- 
zine articles or in antinoise campaigns 
there was little certainty as to reality 
of these effects or as to how much noise 
or what kind of noise produced them. 


1Kryter, K. D.: The Effects of Noise on 
Man, J. Speech & Hearing Disorders, 1950, 
supp. 1, obtainable from Dr. George Kopp, 
Department of Speech, Wayne University, 
Detroit. 
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Noise & behavior 


This survey shows that nearly all in- 
dustrial & laboratory experiments which 
report that noise adversely affects work 
output are open to criticism because of 
poor experimentation & uncontrolled fac- 
tors. (By “work” is meant any mental 
& motor tasks not involving communica- 
tion by speech.) On other hand, experi- 
ments carried out with proper control 
of all pertinent factors reveal that steady 
or expected noises do not adversely af- 
fect psychomotor activity to any sig- 
nificant extent. As a matter of fact, 
there is some evidence that noise may 
“insulate” a person from intermittent 
distractions in his environment so that 
on some tasks, such as aiming a gun, 
performance is better in noise than in 
quiet. 

General ineffectiveness of noise on 
work output & on psychomotor perform- 
ance can be largely explained by psycho- 
logical «& physiological adaptation & 
perhaps by increase in effort on part 
of subjects. About 50% of subjects ex- 
posed for long periods to intense & par- 
ticularly to high-frequency noise, feel 
that exposure makes them more irritable 
than normal. Some comfort is gained 
by preventing steady noises from exceed- 
ing 90 db re .0002 dyne/cm? at position 
of listener.2 Most persons exposed to 
intense noise as high as 120 db re .0002 
dyne/cm? as a matter of course in their 
work apparently become indifferent to it. 

Although steady-state noise appears to 
have little real effect on work output, it 
will have adverse effect upon communica- 
tion by speech or other auditory signals, 
& it has been experimentally demon- 
strated that “‘annoyance value” of a noise 
is related to its spectrum. Noises con- 
taining higher frequencies of sound are 
more annoying than those of  pre- 
dominantly low frequencies. 


290 db re .0002 dyne/cm2” is a measure 
of acoustic sound pressure. It specifies a 
‘“Jeyel”? 90 decibels above standard reference 
level (.0002 dyne/cm?) recently adopted by 
American Standards Association. Many of 
early studies of noise & its effects on man are 
very difficult to interpret because no such 
standard reference level had been adopted 
at the time. 90 db above standard reference 
is about level of an average “noisy” factory 
or loudest orchestral music. 120 db is level 
fairly near a (piston-type) airplane engine 
where loudest speech cannot be heard. 
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Probably most experiments did not 
reflect full impact of noise on perform- 
ance of office & industrial worker in 
that studies were primarily confined to 
non-auditory work not involving com- 
munication, whereas communication is 
required in most occupations. ‘Thus, 
noise absorption & reduction should lead 
to greater efficiency & comfort of office & 
industrial worker, although most ex- 
perimental results so far have been nega- 
tive or inconclusive. 


Deafening effects of noise 


We do not yet know enough to do 
more than make a good guess as to 


“probable” safe maximum intensity, 
namely, 85 decibels above .0002 
dyne/cm?. This figure does not refer 


to over-all intensity of noise but to its 
separate components, that is, to noise in 
“critical bands” (a concept explained in 
the Kryter report). 

Over-all intensity reading of a sound- 
level meter will be greater for a noise 
that spreads over several or many critical 
bands than it will be for any one critical 
band within this range. A noise measured 
in ordinary over-all way as 85 db would 
certainly be safe as far as deafening 
effects are concerned. Eighty-five decibels 
over-all above standard reference is 
about level of very loud speech or a 
shout at 5 or 6 ft distance. 


Conclusions about deafening 
effects of noise 


e Exposure to intense noise from ma- 
chinery causes partial & temporary 
hearing losses that persist for a few 
minutes to several hours. Apparently, 
continued repeated exposures over ex- 
tended periods (years) may result in 
partial but permanent deafness. More 
intense sound has greater deafening 
effect. Maximum safe intensity at 
which no deafening effect will occur 
is probably in neighborhood of 85 db 
above .0002 dyne/cm? for “critical 
bands” of noise. Over-all intensity 
of noise in decibels usually will not 
correctly indicate its deafening effect. 

e Both field & laboratory tests indicate 
that deafness occurs for dominant fre- 
quency in a noise &/or for higher 
frequencies. 

e Exposure to gunfire & other shock or 


PAGE 17 


ae ee ee 


blast waves results in partial deaf- 
ness that lasts for a few minutes up 
to several days, & continued repeated 
exposure results in partial but perma- 
nent deafness that may be progres- 
sive with continued exposure. 


» Rupture of eardrum may be caused by 
blast waves or by extreme & rapid 
pressure changes resulting from rapid 
changes in altitude such as may occur 
in military flying & submarine activity. 
Deafness resulting is apparently due 
to secondary effects occurring in 
middle ear & possible direct damage 
to cochlear structure. 


Earplugs which afford 20 to 30 db of 
sound attenuation for middle range of 
frequencies will in practically all present 
industrial & military situations where 
noise & shock waves are a problem afford 
sufficient protection from noise to pre- 
vent deafness. Wearing of proper ear- 
plugs in intense noise fields improves 
speech communication as well as gives 
comfort & protection. Dry cotton, 
which has been used extensively by mili- 
tary personnel, does not afford much 
protection against low & middle range 
of sound frequencies although it does 
reduce intensity of high frequencies 
which subjectively are most annoying. 


Effects of noise on communication 
by speech 


Probably most deleterious effect noise 
has on man’s behavior is disruption or 
“masking” of speech communication. 


By means of so-called “articulation 
index,” it is possible for acoustic engi- 
neer to calculate in advance the effect 
that a particular noise will have on 
ability of man to communicate by speech. 
This method is a notable technical « 
theoretical advance of last decade, with 
major credit due to research staff at 
Bell ‘Telephone Laboratories under 
guidance of Dr. Harvey Fletcher. It 
should be very valuable in enabling engi- 
neers to meet specifications that may be 
laid down in terms of possibility of com- 
munication. ‘This is a novel concept. 
It is quite an advance over concept of 
specifications in terms of over-all noise 
levels. Effect of noise on intelligibility 
of speech depends on spectrum of noise, 
that is, on what kind of noise it is, as 
well as on inteasity. Articulation index 
is calculated from these two aspects of 
noise. Unfortunately, there are still 
some aspects of noise, such as its con- 
tinuity or interruptedness, that have not 
yet been taken into account. 


PAGE 18 


SEPTEMBER, 1951 


This interference begins before a 
noise is intense enough to be hazardous 
in any other way. Note my use of word 
“other.” Interference with communica- 
tion may, in many situations that require 
teamwork, constitute a serious hazard. 


Even when safety is not involved 
partial interference with communication 
obviously reduces efficiency of many 
kinds of work. Errors from misunder- 
standings become greater or time is taken 
repeating instructions or dictation, or 
effort is expended in talking louder. The 
extra effort, even if successful in avoid- 
ing errors, is at least an annoyance & 
may amount to a significant nervous 
strain. Effects of noise on performance 
have probably failed to appear as they 
should in studies of “work” or “output,” 
because output chosen for study was 
usually of individual manual type. It is 
where output depends in some way on 
speech communication that it is probably 
most sensitive to noise. 


Other effects of noise on such things 
as morale & general health are more 
subtle than those treated in Kryter’s re- 
port. They are relatively insignificant 
in most military & many industrial situa- 
tions where morale is high, where a 
certain amount of difficulty & hardship is 
taken for granted. Situation is very dif- 
ferent in a hospital or a residential area, 
where standards of comfort are very 
different from those in battleship, tank 
or bomber. Here even moderate dis- 
turbance may have disastrous effects on 
morale thru preventing sleep. Neutral 
hum of an electric fan in a hospital may 
actually prevent complaints about voices 
down the hall because it masks them & 
they are not heard. Here fainter but 
meaningful sound is more annoying than 
steady, neutral, matter-of-course noise. 
It takes more than decibels to measure 
this kind of annoyance. 


Now a word of reassurance about 
ultrasonic noises. “Ultrasonics” are 
sounds that are so high in frequency that 
they are inaudible. They have been 
blamed for many vague ills & discom- 
forts, including nausea, general weak- 
ness & irritable disposition. It now 
seems clear that high frequencies, unless 
they are tremendously intense (intense 
enough to cook a small animal by heat 
generated in its fur by absorption of 
sound), are quite harmless. It is 
decibels that hurt, not cycles per second. 
The strange vague symptoms, some of 
which are apparently real, are probably 
due to very intense middle « low fre- 


quencies which were also present as well 
as ultrasonics. I refer, of course, to ex- 
haust noise of turbo-jet engines. 


One thing is clear: We can be an- 
noyed by something, but a lift in morale 
makes us forget it. Motivation is so 
important & so variable that we cannot 
reasonably hope to measure objectively 
effects of annoyance or of moderate 
fatigue. Sense of effort & sense of fatigue 
& general irritability are just natures 
first warnings that our reserves are be- 
ginning to be used up. Loud & unex- 
pected noises & noises that frustrate our 
attempts at necessary communication can 
certainly add to stress & difficulty of any 
situation & thereby exhaust our reserves 
more rapidly. Noise may well be straw 
that breaks the camel’s: back. All of 
this is difficult to prove, but I think it 
makes sense from medical point of view 
& justifies our continuing efforts at noise 
abatement. 


Discussion 


Q: We had a client who requested in- 
formation on effects of noise on office 
workers. One article that I found 
stated there was involuntary tension 
developed by noises in studies of 
small animals, including insects. 
Even when the brain was removed 
there was indication of this tension. 
I was a little doubtful whether this 
did or did not apply to our problem 
which was that of office workers! 


A: The idea is right or partly right, but 
not exactly for reasons that are in- 
ferred from the tests of small animals 
without brains. The feeling of 
irritability was referred to, & I think 
it’s a very real thing unless there is 
a somewhat greater amount of mus- 
cular tension. ‘The difference is ex- 
tremely difficult to measure & as 
soon as you try to get something ob- 
jective on it, it just seems to fade 
away & disappear among imponder- 
ables of the, until now, unobservable, 
uncontrollable differences of the 
situation. ‘That was one factor we 
measured in the acoustics laboratory. 
early in the war where effect of 
fatigue & noise as found in the 
bomber of those days, was under 
study. It couldn’t be measured 
under those conditions. It isn’t 
noise itself that does it, but rather 
reaction of person to noise. You've 
got to know the situation; you’ve 
got to know the person; & you have 
to specify a great deal more. 
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Cost of Noise 
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A.J.A. 1951 Convention Symposium: Fundamentals of Design: Acoustics 
Abstract of address by SAMUEL L. Hooper, Remington Rand, Inc., New York City. 


HE PROBLEM of your clients is 

not whether they can afford sound 

conditioning but rather whether 
they can afford to be without it. 

An article by Lathrop Douglass, 
A.IL.A., in Architectural Record, entitled 
Cheap Space Costs Too Much, presented 
figures showing daily cost of installing & 
maintaining sound conditioning repre- 
sented only .075% of an average salary 
—about 19 seconds of the hypothetical 
working day. 

Noise is unwanted sound. We can- 
not become used to it. Experts say that 
when a physical stimulus, such as noise 
in the ear, is constantly at work it ceases 
in time to have any conscious effect. 
Nevertheless, nerves & certain muscles 
continue to be affected & the person is 
putting forth unconscious effort to com- 
bat noise. Since the dawn of civiliza- 
tion noise has been considered merely an 
annoyance. In the last decade, however, 
scientists have learned that noise, in- 
stead of being a mild annoyance, hes a 
most serious effect on health & effective- 
ness. 


NOISE IS ON EVERY PAYROLL 


A few years ago a group of physicists 
reported that ‘Noise costs American 
business $2,000,000/day.” With a de- 
flated dollar & inflated prices now pre- 
vailing, together with the fact that each 
week adds to din of modern living, that 
figure might easily be established at 
$4,000,000 /day. 

Dr. Vern Knudsen of the University 
of California in an article The Conquest 
of Noise says “The 20th Century has 
brought many mechanical improvements, 
but it has also produced the greatest 
increase in unwelcome noise that the 
world has ever known. FEar-shattering 
noise is one of the scourges of present- 
day civilization & may have a very seri- 
ous effect on public health. 

“Noise is an enemy of mankind far 
more devastating than is generally recog- 
nized. Harmful effects of noise on the 
nervous system have been known for 
some time & physicians are coming to 
suspect that increasing number of mental 
ailments is due at least in part to noisi- 
ness of modern living.” 


Professor Coleman Maze of New 
York University in his book, Office 


Management, says: 


BULLETIN OF THE AMERICAN INSTITUTE OF ARCHITECTS 


e Ill effects resulting from noise exist- 
ing within the office have a definite 
reaction on employee well-being « 
quality & quantity of work performed. 

e Noise interferes with efficiency of 
worker. It increases tension & makes 
concentration upon certain tasks dif- 


ficult. 


e Noise lowers all of our faculties. It 
slackens «& dulls our mental processes. 
It clouds judgment, reduces precision 
of action & decreases general efficiency. 


e Noise exacts even greater tolls upon 
nervous system of mental workers & 
others who are noise sensitive. 

e Noise is in same class with bad venti- 
lation & poor lighting in its effect on 
human efficiency.” 


In their book, Reading as a Visual 
Task, Professors Luckiesh « Moss of 
the General Electric Laboratories at 
Nela Park state: “Presence of auditory 
distractions due to operation of machin- 
ery may lower ability of worker to per- 
from visual tasks.” 


INVESTIGATIONS OF NOISE 


Study undertaken by General Re- 
search Corporation for Jacobson & 
Company, who are New York Celotex 
distributors, was conducted in order to 
discover markets for noise reducing ma- 
terial. A questionnaire was sent to 
5,400 large eastern firms. 

e 60% reported a noise problem in their 
offices 

e After correction they reported in fol- 
lowing proportions: 

60% of them, improved morale. 

59%, more efficient use of phone. 

48%, increased accuracy of typing & 

work. 

34%, increased volume of work. 

8%, decreased absenteeism. 


5%, other benefits. 


In planning their new building, the 
Metropolitan Life Insurance Canny 
felt that they had neither time or quali- 
fications to make first-hand investigation 
of cost of noise so they inquired of sev- 
eral well-known contemporaries & got 
following answers. 

e Western Union Telegraph Company: 
Following data were assembled in 
Cleveland office before & after in- 
stallation of acoustic material. Figures 
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show effect of installation on rate of 
production & ‘on errors made. 


Before: 


Av week: message load 33,781, cost 


of message 1.016, % error 0.427 
After: 
Av week: message load 34,500, cost of 
message $.095, % error 0.248 
Saving in cost per message 3.05%, 
reduction in errors 42.4% 


On basis of these savings annual 
return On investment 
treatment, after charging depreciation 
& interest is 68%. 
pay for entire cost of installing acous- 
tical treatment in 1.5 yrs. 

e American Optical Company: 
Most recent tangible figure on rela- 
tion between production & reduced 
noise was reported by American Opti- 
cal Company. 6% increase in pro- 
duction was measured over a 2-month 
period in statistical & accounting di- 
visions. 
reduced by approx 50% & test period 
of measured production indicated that 
after first 6 months, installation would 
earn around 200%/yr on investment. 


THE COST OF NOISE 


So far we have only been developing 
fact that reduction of noise increases pro- 
duction & accuracy on part of every one 
in office, whether top executive or office 
boy. Now let’s turn these effects into 
dollars & cents. Your stenographer for 
instance is the motivating unit in a 
“Typing Station.” Analysis of 93 com- 
panies indicates that such a typing sta- 
tion costs an office av of $3,500/yr. This 
cost is composed of: 

© operator’s salary 

e cost of typewriter (which is small- 

est single cost of station) 

e cost of maintenance 

® rent 

e light & heat 

e cost of supplies used 

Over 6-yr life of a typewriter, this 
makes each unit of typewriter production 
cost $21,000 & if your office uses only 
10 typewriters you are paying out $210,- 
000. over that period for your steno- 
graphic production. If by reducing 
noise levels of that office, you can in- 
crease output & accuracy by as little as 
10% you have made a saving that lifts 
a direct load off your payroll. 
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Savings effected — 


Recognized noise volume was 
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Architectural Acoustics 


A.I.A. 1951 Convention Symposium: Fundamentals of Design: Acoustics 
Abstract of address by ROBERT E. NEWMAN, Assistant Professor of Architecture, Massachusetts In- 


stitute of Technology. 


E ARE MOVING AWAY from trends 
which were prevalent a few years 
back of seeking some technical excuse to 
do something weird, or at least to find 
some strong technical reason for an un- 
usual architectural shape. Certainly the 
acoustic requirements we are talking 
about must govern shapes of rooms to a 
great extent but let’s not have acoustics 
as an excuse for bad design. Both re- 
quirements can be met—an acoustically 
good building can be well designed. I'd 
like to say just a few words too, about 
the need for recognition by architects 
that every building they do has acoustic 
problems. Dr. Knudsen gave us a very 
fine discussion of the acoustic problem 
in listening spaces, in music rooms & 
auditoriums. We've heard about prob- 
lems of controlling noise in air condi- 
tioning systems & about industrial noise. 
Every single problem whether it be hotel, 
apartment house, school, broadcast 
studio, they all have acoustic considera- 
tions that are very important. And 
we've got to consider them from the 
very start of the thinking about the 
building, in layout & plans. Isolation of 
noisy areas from quiet spaces by simple 
plan separation can often be infinitely 
less expensive than corrective measures. 
“Acoustic correction” —I hope the term 
will become thoroughly dead. It should 
be acoustic design from the very start in 
consideration of materials & the plan & 
everything else that goes into the build- 
ing. Id like to read a couple of quotes 
with regard to the problem of noise in 
houses. We haven’t talked about that 
in our discussion here. It’s a problem 
that we are all beginning to realize is 
extremely critical & important. It’s the 
difference between hearing one’s neigh- 
bors & having adequate privacy in one’s 
own house & concerns relations with 
neighbors in apartment houses, hotels, 
etc. Overstreet, in his book, ‘The 
Mature Mind” has a comment which 
is quite pertinent to this discussion in 
regard to the home. ‘This is more the 
individual home or apartment house. 
“The chief maturity-problem of our 
time is to discover how the home, 
under difficult & often forbidding 
conditions, can provide the experiences 
that will encourage the continuance of 


PAGE 20 


SEPTEMBER, 1951 


psychological growth from infancy to 
adulthood. We well know what some 
of the difficult conditions are. “The 
machine has built the city; the city, 
in turn, has condemned most families 
to live in spaces so small that it is 
hard in the extreme for individuals 
to find a full release for their creative 
powers.. There is not enough privacy, 
there is not enough silence; & yet 
there are not enough places in which 
children can make the legitimate noises 
of childhood without being shushed « 
hushed.” 

I think any of us who have lived in 
an apartment with small children know 
how that is. They have to keep quiet 
so they won’t bother the neighbors. 

In Great Britain, there has been a 
study, in a social survey of some 2,500 
families, on effect of neighbor noise on 
people. What sort of noises are bother- 
some, what sort of noises bother people, 
what sort of noises do people dislike. 

A great deal has been found out about 
what constitutes a tolerable neighbor 
noise condition. Mr. Allen of the Build- 
ing Research Station in England has 
concluded his findings in this survey 
with this statement. 

“People who suffer from noise from 
their neighbors generally realize that 
their own noise will annoy others. 
This induces people to constrain their 
behavior so it will not interfere with 
other’s behavior or way of life. This 
constraint is a form of irritation which 
is not only accounted for by the noise, 
but may be a source of real difficulty, 
for instance, in bringing up children. 
Music in the home, illness, loud 
laughter, anger, are typical cases of 
normal behavior which are constrained 
by the knowledge that others may 
overhear them. This may well be 
more of a problem to people than the 
noises they hear.” 

In talking about what levels are toler- 
able we must evaluate noise control 
measures. What sort of isolation do we 
need? Not only are we bothered by the 
neighbor’s noise but we don’t want to 
have the neighbors hear what we are 
up to. We don’t want to be going 
around with our feet around our neck 
all the time. This is psychologically 


very bad. However, from this survey 
has. come the realization (this is from a 
lot of measurements on buildings & wall 
constructions) that in order to have 
satisfactory isolation from one’s neigh- 
bors in a multiple dwelling unit, a sound 
reduction of about 65 db must be pro- 
vided in the party wall... That is a con- 
dition which is very seldom achieved in 
this country & in Great Britain they do 
it only at some expense & pretty elab- 
orate construction. “That means more 
than a simple cinder block wall between 


two spaces. We've heard about the 
necessity for provision of heavy im- 
pervious barriers between spaces in 


order to have adequate sound isolation. 
The cinder block wall I mentioned is 
the frequent condition in this respect & 
we know that cinder block is essentially 
of coarse material. When it is used 
by itself it affords very little sound 
isolation but it seems to be a favorite 
material for partitions these days & has 
become a frequent source of trouble. 
This 65 db requirement usually means 
double cavity construction without cross 
ties, elements of heavy materials sealed 
(plaster) against porosity & generally 
very careful detailing of all features 
of the building. 

Another problem in multiple dwelling 
is the footfall noises, the impact trans- 
mitted sound. These come thru con- 
crete floors & the like very readily. They 
can only be eliminated by heavy carpet- 
ing on floors, which you don’t always 
have, or by actually putting in on top 
of the sub-floor a second floating floor 
construction to give it resilience, in effect 
keeping impact out of the concrete, or 
wood floor for that matter. This too, 
has been done a great deal in Great 
Britain but isn’t a common practice in 
this country as yet tho I think we are 
coming around to that point of view. 

We've talked a little bit about this 
business of comfortable environment. I 
would like to point out that it is not 
possible to specify exact numbers describ- 
ing comfortable sound levels which 
would indicate orders of magnitude. But 
it is important to realize that a space 
can be too quiet, it can be too noisy, it 
can be too loud, or too dead, & in any 
of those four conditions we can have dis- 
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comfort. I don’t know how many of 


you have had the experience of going 
into an anechoic room, a room which is 
completely, practically completely, free 
of reverberations, a room lined on all sur- 
faces with highly absorbent material. 
The experience of being in a room of 
that sort is extremely uncomfortable. 
When you go in you are immediately 
oppressed by the feeling of an increase 
of atmospheric pressure on the ears, an 
extremely uncomfortable condition. You 
turn away from the person next to you 
& he doesn’t hear you very well because 
what you say has been soaked up by the 
walls. Conversely, of course, a very 
live, noisy space is uncomfortable be- 
cause every little sound that is made is 
carried round & round. 

I think we've talked enough about 
all these things, about the necessity for 
impervious barriers, vibration isolation & 
so forth. I would like to wind things up 
with a little demonstration which we 
use in teaching our students at MIT 
the principles of sound control in one 
easy lesson. One unfortunate term which 
has come up is the term “‘sound insula- 
tion.” Sound insulating & heat insulat- 
ing materials are not the same pattern. 
Woolly, fuzzy materials are sound ab- 
sorbing. Sound insulating materials are 
brick & concrete & heavy materials of that 
sort, the impervious type, & we get al- 
most no transmission loss thru sound ab- 
sorbing materials. I would like to en- 
courage all of you to use the term sound 


Note: Due to difficulties with sound- 
recording equipment following questions 
and answers had to be reconstructed from 
rough notes and mostly unintelligible 
records. They represent an approxima- 
tion of the discussion period. 


Q: How much would a 12” solid 
brick wall plastered both sides reduce 
sound transmission? 


A: (Newman) About 50 db. 


Q: Are there any publications giv- 
ing relative merits of different types of 
construction for sound isolation? 


A: (Newman) Yes, there are sev- 
eral. Dr. Knudsen’s book, Acoustical 
Design in Architecture, has a very com- 
plete tabulation. The National Bureau 
of Standards has published several bulle- 
tins reporting tests on typical wall con- 
structions. You may also refer to an 
article in Architectural Record published 
in the past year. 

Q: I would like to ask Dr. Knudsen 
about acoustical value of octagonal 
rooms. 
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absorbing materials & not sound in- 
sulating materials, because you get wrong 
ideas. We are going to see here in a 
minute how little good we get out of 
sound absorbing materials as sound trans- 
mission barriers. I have a simple little 
motor for this experiment. A simple 
plywood box made out of ™%-inch ply- 
wood, & a little motor here, just a plain 
ordinary little motor with a screw in 
the end of a shaft here that works on a 
little saw blade. “This is a machine for 
making noise, a thing we try to get 
away from in designing machinery, but 
we are going to hook this thing up «& 
set it right on the table. It is necessary 
to get the machine upon a vibrator of 
some sort. I am going to see how much 
improvement we get in performance of 
the machine when we do put it on 
resilient isolators. “Then we are going 
to surround it with a sound absorbing 
material. We will see how very little 
improvement we get in the reduction of 
transmitted sound. ‘Then we will try 
housing the machine within a box, but 
leaving the machine sitting on the table 
without vibration isolation. Then we 
will see what happens when we use the 
box, vibration isolation & no absorbing 
material & then put absorbing material 
inside the box where it can do some good 
& use the vibration isolation. ‘This prin- 
ciple applies not only to the problem of 
machine noise control but sound isola- 
tion in all its aspects. 
(Demonstration of machine) 


QUESTIONS & ANSWERS 


A: (Knudsen) Octagonal rooms 
have general characteristics of cylindrical 
rooms—not good. The example | showed 
you of the small auditorium (see figure 
on page 13, July BULLETIN) is adaptable 
to many other uses. It is particularly 
appropriate for public address installa- 
tions or for instance, for court rooms 
or rooms for debate, etc. As a general 
rule a flat ceiling or a ceiling approxi- 
mating flatness is desirable. 


@: I would like to ask about ultra- 
sonic testing of models. Until recently 
the design of rooms has been based 
primarily on a number of rules on what 
you can do & what you can’t. This new 
method seems to have great possibilities 
for design of auditoriums, etc. We have 
tried it using a model with uniform re- 
flectivity all around the room & we came 
very close to final performance of com- 
pleted job. I would like to hear your 
opinions on it. 

A: (Newman) We have been mak- 


ing some studies at MIT with a model 
auditorium at 1/5 full size. ‘That’s a 
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When we ask a wall to give us 50 db 
of transmission loss we are asking that 
it reduce energy by 100,000 times in 
going thru the wall. Sealing up of 
little cracks around windows & doors is 
very important in the business of sound 
isolation. In concluding, I would like 
to reiterate the remarks I made in the 
beginning of the afternoon that what we 
are up to in acoustical design is the pro- 
vision of satisfactory environment & good 
hearing conditions. 


It is important in a quiet room to have 
adequate separation of syllables, to have 
proper distribution of sound, to have 
adequate loudness of sound. In a small 
room we get it by spacing, in a large 
space we have to get it by suitable 
amplification. Let me put in a plug here 
for proper location & integration of pub- 
lic address systems in the design of rooms. 
It is not enough for a room to be wired 
& have two little boxes sitting at the 
side of the stage which some character 
brings out just before the speech starts. 
The sort of thing we have in this room is 
far from ideal. The ideal system is one 
where the horn is located immediately 
above the position of the speaker, so 
that what you hear will give you a good 
sense of lateral localization so it will 
seem that the sound is coming from the 
speaker & not from the wall. 


I wonder if there are any questions 
to be heard pertaining to any of the 
speeches today. 


pretty big model. We tried to stay in 
the audible range of frequencies, how- 
ever, the ultra-sonic frequencies result- 
ing in more difficulties. We have had 
fair results in predicting loudness of 
sound. It is very difficult to approxi- 
mate true reverberation conditions of a 
room, however, because of scale of mate- 
rials. Reflectivity of wall surfaces can- 
not be scaled down accurately. 


(Knudsen—on same question): In 
studies of this sort when you use a re- 
duced scale model you must increase the 
frequency of sound proportionately or re- 
sults may mislead you greatly. For ex- 
ample, if you are going to study a fre- 
quency of 2,000 cps in your room & you 
are using a 1/10 scale model you must 
use sound of a frequency of 20,000 cps. 
Dry air is very absorbent for such high 
frequency sounds. Unless you have ac- 
curate air-conditioning control you would 
do better to use an enclosed model filled 
with nitrogen which will not affect the 
sound. A great deal can be learned about 
flutter echo between floor & ceiling by 
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means of these model tests. This flutter 
has a fundamental frequency with a 
wave length equal to twice distance from 
floor to ceiling. 

Q: (Taylor) In my private prac- 
tice I did a great deal of church work 
over a period of 25 years. “There was 
always a fight between the preacher & 
the choirmaster & I have been led to be- 
lieve by some people that actually there 
is less occasion for that rivalry in terms 
of acoustic design. I wonder if Mr. 
Newman or Dr. Knudsen would like to 
say whether or not they have found a 
way to resolve the differences between 
requirements for music & speaking—of 
which a church seems to be one of the 
most important examples. 


A: (Knudsen) This calls for a 
compromise between requirements for 
music & speech. In general the choir- 
master will want more reverberation 
than the preacher. You compromise be- 
tween them in the design. Make the 
choir not quite as live as the choirmaster 
wants it & more live than the preacher 
wants it. It is possible to provide 
variable absorption for different sorts of 
sound & music but it is rather expensive. 


Q: How many decibels did your 
noise machine produce? 


A: (Newman) I should judge you 
heard a noise of about 70-75 db. 

Q: (Pawley) This is perhaps a 
curiosity of sound conditioning rather 
than a question. About a year ago I 
made a field trip to collect some data 
on motels « found a great prevalence 
of coin-operated radios. In these little 
cubicles with thin walls between them 
the purpose of these radios was to mask 
the sounds of adjacent rooms. 
(laughter ) 

(Newman—on same subject): That 
is quite true. We made a survey of a 
group of executive offices. ‘They all had 
rather expensive fans & our questionnaire 
to rate the various noises in the offices 
revealed that almost everyone believed 
it was quieter with the fans running. 
As a matter of fact the sound level was 
higher but the little intrusive sounds 
were masked out which made the space 
seem quieter. 

Q: (Taylor) My question concerns 
the box & the absorbent material. 25 
years ago we used to try to make sound 
insulating partitions by alternation of 
sheet metal & absorbent material, at that 
time hair-felt. My understanding of it 
at that time was that sound waves went 
thru the absorbent material & were batted 
back by the metal. The idea being that 
if you could have alternation of porous & 


dense reflections the energy would be 
dissipated. Now is that possible to try 


for lightweight construction & thin parti- 
tions or is it an outmoded idea? 


A: (Newman) No, I think that is 
not outmoded at all. Certainly in any 
kind of lightweight construction it is 
about the only way to reduce sound 
transmission sound isolation by 
means of a sandwich panel with alternate 
hard & soft layers. Resilient separation 
is more important than the absorbing 
materials. 

Q: (Pawley) In connection with 
resilient separation, what about the edges 
of the panel? 


A: (Newman) That is the catch. 
There is no answer to that. The edges 
of the panel are the weak points. The 
bigger the panel the better. 


Q: What about the detail using 
staggered studs with absorbent mate- 
rial woven back-&-forth between them? 


A: (Newman) That can be very 
effective if it is detailed properly. A 
partition of that sort may tie the two 
faces together so that the noise comes 
through at top & bottom. If truly 
separated & tied to heavy construction of 
some sort it can be very good. I think 
over-all noise reduction may be on the 


order of 45 db. 


Regional Climate Analyses & Design Data: XIII. Charleston, §. C. Area 


In the interest of making more varied use of our 
BULLETIN space, The Board of Directors has directed 
that the remaining sections of the climatology series shall 
These will be sent 


be printed as separate supplements. 
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automatically to Institute members in the respective areas 
analyzed, and to subscribers to the reprint series. 
will be sent, on request only, to other members who may 
wish a complete series. : 


They 
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~ Technical News and Bibliography 


Appointments to Committees. 


William J. Provoost, President of 
The Connecticut Chapter, has been ap- 
pointed a representative of The Institute 
on ASA Sectional Committee A-17, 
Safety Code for Elevators, Dumbwaiters, 
and Escalators. 

Mr. Carl E. Helfrich, of the South 
Georgia Chapter, has been appointed 
representative of The Institute on the 
Standing Committee for Testing and 
Rating Ventilating Fans of the Axial 
and Propeller Type, and for the Installa- 
tion of Attic Ventilation Fans in Resi- 
dences. 

Mr. Charles S. Haines II, of the New 
York Chapter, has been appointed 
representative on the Committee for 
Safety in Construction, Construction 
Section of the National Safety Council, 
to succeed Mr. Samuel R. Bishop, re- 
signed. 

Mr. Roland A. Wank, of the New 
York Chapter, has been appointed to 
represent The Institute on the Pre- 
Stressed Concrete Advisory Committee. 


Wood Study Kit 


The selection of woods for various 
uses will be facilitated by the use of a 
Wood Study Kit which has recently 
been made available. Packed in a small 
wood box are 54 34” x 214” x 5” speci- 
mens of important commercial species of 
wood and wood products. 

A 10-power hand lens, knife, and an 
84-page manual describing the properties 
and uses for each species, with informa- 
tion on forest resources, is included. 

“These Kits are available from the 
Timber Engineering Company, 1319 
18th St., N. W., Washington 25, D. C. 
at a cost of $8.50 delivered within the 
continental U. §., otherwise $8.50 f.o.b. 
Washington, D. C. 


Standards and Publications available 
from the Superintendent of Documents, 
Washington 25, D. C. (Stamps not ac- 
ceptable) : 


BMS Report 122. Physical Properties of 
Some Samples of Asbestos-Cement Sid- 
ing. 15¢. 

A Report of tests at the National 

Bureau of Standards to determine the 

physical properities of 22 samples of 

asbestos-cement shingle siding and one 
sample of clapboard siding. 

- Includes tests made by the British 

Building Research Board on British 
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asbestos-cement roofing products, flat 
and corrugated sheets. 
Technical Bulletin No. 17. June, 1951. 


The Housing and Home Finance Agency. 
15¢. 


Includes an illustrated article on the 
Youtz-Slick system of raising floor and 
roof slabs by hydraulic jacks; accelerated 
weathering test of protecting treatments 
for aluminum sheet metal; septic tank 
systems and garbage grinders. 


Lightweight Aggregate Concretes. 
ing and Home Finance Agency. 


Hous- 
20¢. 

A report of an investigation conducted 
jointly by The Bureau of Reclamation, 
U.S. Department of The Interior, and 
the National Bureau of Standards, U. S. 
Department of Commerce, on the prop- 
erties of various expanded shales or clays, 
fly ash, pumice, expanded vermiculite, 
etc., for use as lightweight aggregates for 
concrete. 


Commercial Standard 177-51. Bituminous- 
Coated Metal Septic Tanks. (Single 
Compartment Residential). 5¢. 


This Standard covers single-compart- 
ment metal septic tanks, including defini- 
tions, details of quality and design, thick- 
ness of metal, minimum capacity, and 
means for protection against corrosion. 


OTHER PUBLICATIONS 


Hospital Electrical Planning For Archi- 
tects and Engineers 


Westinghouse Electric Corporation, 
East Pittsburgh, Pa. 238 pp. 814” x 
deel lives 


Prepared with the co-operation of the 
U.S. Public Health Service, and Louis 
David Schmidt, A.I.A. The purpose of 
this manual is to assist architects and 
engineers in the planning of the elec- 
trical systems in hospitals so that the 
electrical facilities can effectively and 
efficiently perform their important func- 
tions. 

The list of subjects includes steps in 
planning, requirements for general hos- 
pitals having bed capacities of 40 to 50, 
100 to 150, and 200; various signal sys- 
tems, the planning of the X-ray depart- 
ment, together with a room by room 
analysis of the requirements for a 100- 
bed hospital. 

Typical plans with electrical require- 
ments indicated are also included, large- 
scale blueprints of which are available 
upon request. 
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Specifications Recommended To Secure 
Dry Brick Walls 


Louisville Cement 


Ky. 

A booklet illustrating and describing 
test procedures and brick laying methods 
to be followed to insure dry brick walls. 


Coz 


Louisville, 


Building Code Requirements for Reinforced 
Concrete. (ACI 318-51) 


American Concrete Institute, Detroit 

19, Mich. 50¢. 

The latest edition of this authoritative 
Code decreases the allowable bond 
stress in plain bars (including the old 
tvpes of deformed bars) and increases 
the allowable bond stresses for the new- 
type bar. According to the new pro-— 
visions all plain bars must be hooked. 

Approved as American Standard, ASA 
A89.1-1951. 


Brick and Tile Engineering—Handbook of 
Design 


Harry ©C. Plummer’ Asse 
F.A.C.S. Structural Clay Products 
Institute, 1520 18th Street, N. W., 
Washington 6, D. C. $5. 


An authoritative and _ informative 
handbook on brick and tile construction, 
including a chapter on the application of 
the principles of Modular Coordination. 


Lead in Modern Plumbing 


Lead Industries Association, 420 Lex- 

ington Avenue, New York 17, N. Y. 

20 pp. 834 1d oalhiss 

A booklet illustrating and describing 
the use of lead in modern plumbing in- 
stallations. Includes standard specifica- 
tions for lead plumbing products, draw- 
ings of typical plumbing installations 
showing how and where lead may be 
used, with helpful points to watch in in- 
stallation to insure maximum perform- 
ance, 


Survey On Causes and Prevention of Cot- 
ton Fires 


The National Board of Fire Under- 
writers, in its Research Report No. 8, 
has performed a constructive service in 
surveying the causes and prevention of 


fires which occur in the handling, 
storage, manufacturing processes, and 
transportion of cotton. The Report 


points out that cotton has become by 
far the most important American cash 
crop and one particularly vulnerable to 
damage and loss by fire resulting from 
a variety of causes. 
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Legal Phases of Engineering: Controls and 
Specifications 


The Macmillan Company, publishers 
of the above, as listed in the January 
BULLETIN, advises that the price has 
been advanced from $3.75 to $4. 


The Modern Hospital and Its Elevator 
Needs 


Otis Elevator Co., New York 1, N.Y. 

A booklet illustrating and describing 
24 actual elevator installations, includ- 
ing handling of traffic peaks, special re- 
quirements of small and medium-sized 
hospitals, and the application of Auto- 
tronic elevatoring in hospitals. 


Some General Considerations in 
Natural Ventilation of Buildings 


In Research Report No. 22 of The 
Texas Engineering Experiment Station 
of The Texas A and M College System, 
College Station, Texas, William W. 
Caudill, A.I.A. Research Architect, 
Sherman FE. Crites, Research Engineer, 
and Elmer G. Smith, Research Physicist, 
describe and illustrate some simple but 
basic facts on the movement of air with 
particular reference to the designing of 
buildings to facilitate ventilation by 
natural means. 


the 


The Feasibility of Using Models for Pre- 
determining Natural Ventilation 


Research Report No. 26 of The Texas 
Engineering Experiment Station of The 
Texas A & M College System, College 
Station, Tex., Elmer G. Smith, Research 
Physicist, describes and illustrates an 
abbreviated summary of the theoretical 
basis for the use of models in the study 
of natural ventilation. As only the venti- 
lation pattern due to natural wind was 
investigated the study was confined to 
buildings having moderate ceiling heights 
in order that the effects of thermal con- 
vection might be negligible. 


Materials Engineering of Metal Products 


By Norman E. Woldman. 583 pp. 
illus. 6” x 9’. New York: 1949: Rein- 
hold Publishing Corporation. $10. 
This book aims at helping the mate- 
rials engineer select the type of metal 
or alloy which is best able to meet a 
given set of service conditions. The text 
is divided into five main sections—Mate- 
rials for light-weight construction; Ma- 
terials for mechanical products; Mate- 
rials for the electrical industries Mate- 
rials for special and severe service; and 
Testing. Much useful information is 
given and many trade names mentioned. 


An Introduction to the Design of Under- 
ground Openings for Defense 


Compiled by Clifton W. Livingston. 
304 pp. illus., plans, diagrams. 6” x 
9”. Golden, Colo.: 1951: Colorado 
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School of Mines. $3. 

Issued as the Quarterly of the Colo- 
rado School of Mines, Volume 46, No. 1, 
this work presents a series of papers, 
bearing on the subject of underground 
openings suitable for defense purposes. 
Of more especial interest are the initial 
paper by E. H. Leavey, Jr. on protective 
standards for underground defense, and 
the terminal paper by I. M. Rice dealing 
with the heating, ventilating and air con- 
ditioning of underground installations. 
The remaining papers are primarily con- 
cerned with various aspects of rock— 
rock failure, rock pressure, and rock 
tunneling. 

Bibliographies are included with each 
paper and should prove a useful guide 
for those needing to investigate further 
underground construction. 


Administrative Housekeeping 


By Alta M. LaBelle and Jane Bar- 

ton. 420 pages. 5144” x 8%”. New 

York: 1951: G. P. Putnam’s Sons. 

$5.50. 

A comprehensive work offering many 
practical suggestions on all phases of 
housekeeping activities in institutions 
such as hotels, hospitals, schools and col- 
leges, department stores and office build- 
ings. Of special interest to the archi- 
tect will be the section on the building, 
particularly the chapter dealing with 
floor plans. The authors emphasize that 
adequate planning for housekeeping ac- 
tivities may greatly reduce the costs of 
administering this continuing function. 


The Behavior of Engineering Metals 

By H. W. Gillett. 395 pp. illus., 

diagrs. 6” x 9”. New York: 1951: 

John Wiley & Sons. $6.50. 

Designed for the non-metallurgist 
who wishes information on the various 
metals, this book emphasizes information 
on the behavior of the metals rather than 
the theories that explain the behavior. 
In the same way technical terms have 
been held to a minimum and readable 
references listed in the bibliographies. 
The text divides into three main sec- 
tions: basic concepts of metallurgy; be- 
havior of principal commercial metals 
and alloys; and topics dealing with spe- 
cial considerations influencing selection 
of metals and alloys, as corrosion, high 
temperature and machinability. 


Real Estate Subdivisions 

By Stanley L. McMichael, 393 pp. 

plans. 6” x 9”. New York: 1949: 

Prentice-Hall, Inc. $5.75. 

Covers nearly all phases of the sub- 
division business except that of the tech- 
niques of building homes. Chapters are 
devoted to such topics as the adequacy 
of subdivision design, parks and play- 
grounds, business centers, and the re- 


Goren) sin 


quirements of subdivision in the motor 


age. 


Code For Protection Against Lightning. 
NFPA No. 78 


National Fire Protection Association, 


Boston 10, Massachusetts. 50¢. _ 

Provides protection against lightning 
for buildings, miscellaneous structures, 
smokestacks and chimneys, hangars, 
balloons and airships, ships, trees, and 
livestock in fields. 


Stainless Steel Handbook 


Allegheny Ludlum Steel Corporation, 

Oliver Building, Pittsburgh 22, Pa. 

120 pp. 71%4” x 10%”. Cloth. 

Discusses 40 different types of Alle- 
gheny Metal stainless steel from the 
standpoints of analyses, fabrication, heat 
treatment and special conditions of sery- 
ice, 

A group of tables lists the corrosion 
resistance of the steels to various media, 
including organic substances, acids and 
salts. 


Television and FM Antennas. (NFPA No. 

Q-45-1) 

National Fire Protection Association, 

60 Batterymarch Street, Boston 10, 

Mass. 25¢. 

In view of the fact many television 
antennas have been installed using im- 
proper grounding electrodes this 16-page 
pamphlet illustrating and describing safe 


antenna installation requirements is of ~ 


informative value. 


Tests on the 


Columns 


Bov¥coKinseyeay 

Research Laboratory of Virginia Poly- 

technic Institute, Blacksburg, Va. 

The results of an investigation to 
study the behavior of box columns in 
order to determine formulae for their 
design, and to make economic compari- 
son of the utilization of lumber in box 
columns and in columns of other types 
having equivalent load-carrying  ca- 
pacity. 


Design .of Wood Box 


Hospitals, Integrated Design, 2nd ed. 


By Isadore Rosenfield, 398 pp. illus., 

plans. 834” x 1134”. New York: 

1951: Reinhold Publishing Corpora- 

tion. $15. 

New developments in hospital plan- 
ning have necessitated the early revision 
of this work on hospitals. 
a quite extensive reworking of the text 
with many new illustrations, the book 
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Representing — 


has been expanded nearly one third. A — 


new chapter has been included on De- 
tails and finishes and up to date informa- 
tion provided on such specialized topics 
as the insulation of isotope rooms and 
electroencephalographs. 
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The Modular Method in 
Architectural Graphic Standards 


AMSEY & SLEEPER’S new Fourth 

Edition of their popular architects’ 
and draftsmen’s handbook, “Architec- 
tural Graphic Standards,” furnishes a 
handy source of information relating to 
Modular Coordination. Two and a half 
times larger than the original edition, 
the present tome comprises 566 pages of 
plates illustrating data on most phases 
of building, including several dozen cov- 
ering Modular detailing and drafting 
practice and Modular products. A four- 
page presentation of basic principles and 
practices has been prepared by Prentice 
Bradley, an architect well qualified for 
this since he was for some years Tech- 
nical Director of the Modular Service 
Association which worked with the 
American Standards Association in de- 
veloping Modular Standards. The sub- 
jects covered include: Modular dimen- 
sioning of small-scale plans ; windows and 
doors in frame and masonry walls; 


column layouts; party-wall and non- 
rectangular conditions (from which the 
accompanying illustration is taken) ; and 
elevations; also detailing, showing the 
relation to the Modular grid of: vari- 


ous exterior wall constructions, interior 
partitions, floor constructions and win- 
dow and door details. Other plates 
throughout the volume illustrate: Modu- 
lar brick coursing; Modular flue sizes 
for fireplaces; Modular sizes of brick, 
tile and concrete block; Modular glass 
block details; steel and wood windows, 
and so on. Published by John Wiley & 
Sons, “Architectural Graphic Standards” 
is priced at ten dollars. 


Grid Underlay Aids 


W ood-frame Construction 


UFFALO, N. Y, architects Highland 

& Highland, who design each year 
a large number of wood-frame houses, 
have developed for their own use a de- 
sign underlay based upon the 4-inch 
Module. It is scaled for the preparation 
of drawings at 14” = 1’ -0” but, drawn 
a different size, could be made suitable 
for any other scale. How it encourages 


coordination of dimensions with build- 
ing-material sizes can be seen from the 
sketch on page 27. 


As the sketch is 


placed here, framing members such as 
floor joists would be parallel to the side — 
of the page. Since these come in lengths 
which are muitiples of two feet, trans- 
verse lines of the underlay are spaced 
to scale at 2’-0”. Highland & High- 
land details show butt joints (where 
joints occur) for these members, and 
ledgers or metal hangers. The lines 
running the other way are spaced 16” 
apart, to relate dimensions to stud spac- 
ing and to Modular length (center of 
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joint to center of joint) of concrete 
block, used in foundation walls, etc. 
_ Every third of these lines is heavier, in- 
_ troducing a 48” module which the de- 
signer can use, together with a double- 
_ two-feet in the other direction, in plan- 
ning for most efficient use of interior 


wallboards. Thus the nominal interior 
face of a wall will every time coincide 
with a line on the underlay. The 
~ Modular (nominal) outside dimensions 
_ of a simple rectangular house plan will 
~work out to 8” more than some multiple 
of 16”, in one direction, and 8” more 
than some multiple of 2’-0” in the 
other (a brick veneer will add a nominal 
1’-0” to each.) Highland & Highland 
has found it useful in laying out small 
house plans with this underlay to 
heavy-up the middle transverse line and 
the two parallel lines which are 12’ - 0” 
either side of it, indicating that a par- 
ticular nominal depth is favored. ‘This 
is shown on the sample underlay laid 
out (scale: %4’”=1’-0”) on page 26. 


According to Mr. John N. Highland, 
Jr., principle of the firm (also Co- 
Chairman of the Joint Committee of 
the A.I.A. and the National Associa- 
tion of Home Builders), a Modular 
underlay such as this serves two pur- 
poses. In addition to assuring efficient 
framing and block and wallboard layout 
and indicating regular stud locations, it 
furnishes a basis for a more accurate 
sketch plan than the usual and also makes 
it easier to take a rough elevation quickly 
from this. Sketches made in conversa- 
tions with clients are realistic, however 
hasty, because dimensions are related to 
structure. When it is built, there is “not 
even a bushel basket’? of waste lumber 
left over from each house which has 
been laid out this way, adds Mr. High- 
land, and this economy will be reflected 
in contractors’ bids. 


BULLETIN OF THE AMERICAN INSTITUTE OF ARCHITECTS 


Cost Data Demonstrate Modular Economy 


HE JULY ISSUE of The Mason Con- 

tractor furnishes some illuminating 
data on the Modular “Hickory Tree 
Heights” housing project in Lancaster, 
Pa., described in a recent Grid Lines. 
Coleman, Greiner & Coleman of Landis- 
ville, Pa., were architects for the project 
which consists of one hundred units built 
in rows of four, six and eight. Con- 
tributed by Mr. W. R. Eshenaur of the 
Glen-Gery Shale Brick Corp., which 
furnished the Modular-size brick, the 
“Mason Contractor” article concludes 
“What has been said of Modular design 
in theory has been proven in practice, for 
it can be fairly stated that few, other 
than architects and Modular unit manu- 
facturers, really believed that the results 
would be as gratifying as they have 
proven to be.” 


A nominal 4” x 4” x 8” sand-veneer, 
wire-cut, red-shale cored brick was used. 
The weight of this is the same as that 
of the old “standard-size” brick made 
in that area, a fact received favorably 
by masons on the job since no extra 


weight was involved in laying these 
economical units. Reports and records 
of the general and mason contractors 
show, according to Mr. Eshenaur, “that 
6800 square feet of wall area or eight 
row houses composed of four inches of 
face brick and four inches of back-up 
were laid up in 800 man-hours. “Taking 
into consideration the cost of face brick, 
back-up, wall ties, mortar and all labor, 
this project was laid up at a cost of under 
80¢ per square foot for masonry wall 
area. Also of note is the fact that the 
contractor states he could bid at Janu- 
ary 1, 1951, prices on similar jobs of 
Modular construction in the same area 
and take the job at 80¢ per square foot 
and have no fear of not coming out 
clear on the job. Costs on mortar 
alone were found to be 20% under 
those for the old ‘standard’ brick and 
cutting time by the masons was reduced 
to a minimum. Both the general and 
mason contractors pointed out that the 
project was of such size that the accuracy 
of actual cost 
WIDOM ae a 


British Study Modular Coordination 


HE Building Divisional Council of 

the British Standards Institution 
set up in May, 1947, a Committee on 
Modular Coordination. ‘The initial re- 
port of this group, published early this 
year, has come to our attention. A 
thorough and soundly-reasoned docu- 
ment, its twenty-one pages should be 
studied by those interested in the progress 
of Modular Coordination world-wide. 
For Grid Lines readers, there is unfor- 
tunately sufficient space to sample only 
a few of the Study Group’s more per- 
tinent observations: 


The report makes it clear that a 
module has been defined as a unit to be 
used in the design of buildings and as 
a basis for the coordination of design 
and construction of standard building 
materials and components. The module 
would form the basis of a three-dimen- 
sional rectilinear grid which, when used 
for all types of building, would ensure 
that standard materials and components 
could be used together and would, in 
turn, fit into general design layout. It 
is stressed that modules which are units 
for basic design should not be confused 
with the usual units of measurement, 
such as inches or centimeters, although in 
practice modules may be expressed by 
any such normal units of measurement. 


The preliminary work of the com- 
mittee led them to summarize the ad- 
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vantages of Modular Coordination as 
follows: 


(1) Modular Coordination would 
permit considerable simplification of the 
planning of buildings in the drafting 
room and would result in a saving of 
drafting time. It would permit easier 
substitution of alternative materials and 
changes in specifications without the 
necessity of replanning. 


(2) The coordination of materials 
and components by the use of a modular 
unit would save time and simplify taking 
off quantities. 

(3) The coordination of materials 
and components to suit a modular sys- 
tem would result in easier and more | 
economical field erection with a reduc- 
tion in the amount of cutting, waste and 
fitting on site and a consequent reduction 
in the risk of damage to materials and 
components. Modular Coordination 
would facilitate off-site and shop prepara- 
tion of materials and components. Lay- 
ing out and subsequent supervision of 
building work and building assembly 
would be easier. “The number of sizes 
of items required for any building would 
be reduced. Estimating and ordering 
would be simplified. 


(4) The number of stock sizes of 
materials and components and the size 
of stocks held against demand would be 
reduced. ‘The introduction of new de- 
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signs and standards would be easier and 
manufacturers would know that such 
modifications would fit into existing 
plans or future layout requirements. 
The committee endeavored to ascer- 
tain the amount of drafting time that 
would be saved in the preparation of 
detail drawings when Modular units are 
used, and the report quotes the follow- 
ing example, in an office where school 
buildings were being designed, using steel 


frames. 114 sheets of drawings were 
needed for the steelwork of the first 
school. When a modular scheme had 


been developed, 33 sheets of drawings 
of component parts were necessary, after 
which each school required only one 
general layout drawing, so that 41 sheets 
of steelwork drawings were adequate 
for eight schools, although they varied 
considerably in layout. 

The progress of Modular Coordina- 
tion in other countries is summarized in 
another British report in this field, also 
published this year—that of the R.I.B.A. 


Architectural Science Board’s Study 
Group No. 3: “Dimensional Standardi- 
zation.” We shall look for an oppor- 


tunity in a future issue to quote from 
this report, which will relate how the 


German building module in Nazi days 
was based on the beam of a cow, and 
also reveal to our readers something of 
the status of Modular Coordination in 
the Soviet Union. 


The Bulletin Board 


The Journal of Housing, in its August 
issue, gives the story on an economical 
Vodular housing project to show “that 
even the use of some Modular materials 
(when all the component parts of the 
building are not available in Modular 
sizes) effects savings.” 


Architectural Record for July carries 
(pages 148-150) a number of photo- 
graphs of an interesting Modular loco- 
motive-maintenance shop erected in Chi- 
cago. 

As for meetings on Modular Coordina- 
tion scheduled for this fall, the only 
fixed date we know of is Tuesday, No- 
vember 13th, when there will be a 
dinner meeting of the Central Pennsyl- 
vania Chapter of the A.I.A. in Harris- 
burg, Pa. Speakers will include several 
architects who make regular use of 
Modular dimensioning. 


Contractors Take To Modular Drawings 


ARLY THIS SUMMER, prior to a visit 
E, to the West Virginia Chapter by 
the A.I.A. Secretary for Modular Co- 
ordination, Chapter President L. D. 
Schmidt conducted an informal survey 
of a few general contractors in the state 


as to what their reaction has been to 
building by the Modular Method. The 
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response, although on too tiny a scale 
to be considered conclusive, indicates 
that a contractor who has once built 
from Modular-dimensioned drawings 
will for practical reasons prefer that all 
his work be Modular. 

Of four firms queried, Mr. Schmidt 
reports, three replied that they had had 


. applicable 
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4 
some experience in Fpanding. from Modu- 
lar working drawings. Asked “do you ‘ 
find this type of working drawings ad- 
vantageous to the contractor and the | 
client?”, two of the three responded | 
with an unequivocal “yes.” The third 
said ‘“While we have used drawings pre- 
pared on the Modular basis, our experi-_ 
ence has not been sufficiently great to 
make a general statement for or against 
the system. However, it is our opinion 
that the Modular-system type drawings — 
are 2 advantageous to the man on 
the job.” Asked for disadvantages, none 

of the three Modular-experienced con- 

tractors named any, one firmly sana 

that there are none. 

As regards the advantages of Modulant 
Coordination to the construction man, _ 
the replies were as follows: “This system _ 
is very fine and we would highly recom- | 
mend it to architects and contractors. If | 
one job is tried on the Modular system, ~ 
every job thereafter will be done that — 
way. Our masonry man and superin-— i 
tendents tell us that masonry openings © 
are more exactly located from the top | 
of the building to the bottom. The vari- ot 
ous items such as stone work out much | 
better with brick courses.’ E 

“Easy reference facilitates job erec-) 
tion and lower cost when all units are 
to definite dimensions in 
Modular System. Minimizes reference — 
to drawings in field where Modular Sys- _ 
tem comprises ready reference to typical 
sectional details. Estimating and pur- 
chasing materially facilitated by refer- 
ence to Modular sizes. We have used 
the usual dimensioning systems, as well — 
as the Modular Coordination System, 
and in our opinion the Modular System 
is far superior.’ 


